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ABSTRACT 
Tetraploid clones were produced by coichicine treatment of 
dihaploid potato plants (Solanum tuberosum Group Tuberosum) (2n = 24). 
Field trials showed there were no significant differences (P > 005) 
between a Pentland Crown dihaploid and its chromosome-doubled derivatives 
in rate of photosynthesis per unit leaf area and tuber yield. 	Pentland 
Crown was superior for both characters. 
On plants grown in the growth chamber dihaploids had more leaves 
per stem than their tetraploid derivatives but had smaller leaves in 
some parts of the plant. 	There were no significant differences between 
dihaploids and their tetraploid derivatives in total plant leaf area. 
Palisade cell size and chloroplast number per cell were greater in the 
tetraploids than in the dihaploids. 	Theoretical models fitted to the 
observed frequency distributions of chloroplast number per cell 
indicated that Pentland Crown had a higher proportion of cells with 
double the meristematic-cell ploidy than its dihaploids and doubled 
dihaploids. 	Chromosome doubling resulted in a decrease in the number 
of palisade cells per unit leaf area for one dihaploid but not for 
another. 
Mean leaflet number per leaf increased, decreased or.remained 
unaltered on chromosome doubling depending upon the dihaploid concerned. 
Leaflet numbers of dihaploids and their doubled derivatives increased 
with each improvement in the nutrient status of the growth medium (from 
low to medium to high fertiliser levels) but tuber yield only increased 
in going from the low to the medium fertiliser level. 	Conversely the 
tetraploid parents of the d.ihaploids increased tuber yield throughout 
the full range but increased leaflet number in going from the low to the 
medium fertiliser level only. 
IV 
Qualitative genetic differences rather than quantitative (ploidy) 
differences between genotypes therefore determined differences in tuber 
yield. 	Probably these are due chiefly to differences in the genes 
which determine potential tuber'sink' size and whether increased 
nutrient status of the growth medium is used to increase tuber rather 
than shoot yields. 	The physiological homeostasis on chromosome 
doubling in this material is probably due to self-compensating changes 
in characters concerned with growth and development. 
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Albuzioet al., 1978; Levin et al., 1979). 	Decreased activities of 
other enzymes however, are also common (De Maggio & Lambrukos, 1974; 
Ta!, 1977; Abuzio et al., 1978). 
Another common feature associated with chromosome duplication 
in plants is a reduction in the rate of growth and development 
(Pirschle, 1941; Randolph, 1941; Noggle, 1946; Stebbins, 1950; Krythe 
& Wellensiek, 1952; Bose & Choudhury, 1962; Hagberg & Akerberrj, 1962; 
Rowe, 1967; Easton, 1975). 	This may be due to a reduced rate of cell 
division although workers differ in their findings of ploidy effects 
upon the length of the mitotic cycle. 	Prasad & Godward (1965) and 
Alfert & Das (1959) found that polyploid plants had longer mitotic 
cycles while Troy & Wimber (1958) and Friedberg & Davidson (1970) found 
no differences between diploids and autotetraploids. 	Ta! (1979) 
states that as a general rule various physiological processes such as 
rate of carbon dioxide assimilation, RNA and protein synthesis, ion 
uptake, auxin and abscisic acid content and transpiration rate all 
decrease on polyploidisation. 	Transpiration rate and CO 2  assimilation 
rate may be decreased because autopolyploids tend to have fewer stomata 
per unit leaf area (Eigsti & Dustin, 1955; Ta!, 1977). 
Chromosome-doubled plants of Solanum tuberosum Group Tuberosum 
are octoploid. 	They have deformed, puckered, dark green leaves and 
are less vigorous and much piuir:yielding than the original tetraploids 
(Howard, 1960; Ross et al., 1957; Hermsen et al., 1981). 	Chromosome- 
doubled derivatives of diploid potatoes, either Group Phureja or 
Tuberosum dihaploid x Phureja hybrids, were found to have fewer stems, 
less sprout development, be later flowering and produce more large 
tubers, although fewer tubers altogether, than the diploids (Rowe, 1967.). 
Rowe (1957) found that, while as a. group diploids had similar tuber 
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yields to the tetraploids, some diploid potatoes outyielded their 
tetraploid derivatives. 	He suggested this may have been for several 
reasons. 	For example the genotypes may have favoured the diploid 
condition or reduced vigour was caused by the number of heterozygous 
loci being reduced in the autopolyploid clones. 
'lagoon et al. (1958) and Frandsen (1967) found that chromosome-
doubled diploid and dihaploid potatoes had broader leaflets and 
larger flowers and pollen grains. 	Frandsen (1967) found that doubled 
dihaploids had more chloroplasts per stomatal guard cell than the 
original dihaploids and that pollen grains of dihaploids each had 
three pores whereas those of doubled dihaploids had four. 	Van 
Suchtelen (1966) found that doubled dihaploids did not flower, although 
the original dihaploids were fertile. 	Guard cell chloroplast number 
was found to be a good indicator of ploidy number in the series, 
dihaploid, doubled dihaploid, quadrupled dihaploid. 	Frandsen (1967) 
also found that the size of four-celled glandular hairs on the 
epidermis, was a good indicator of ploidy level in this material. 
Besides characters which show changes in phenotype which 
commonly result from chromosome duplication in plants and characters 
which show changes specific to the potato, some characters of 
S. tuberosum are unaltered on chromosome doubling although not for all 
genotypes. 	While Rowe (1967) found that diploid potatoes overall 
were similar to their chromsome-doubled derivatives for tuber yield 
some individual genotypes gave higher or lower yields after 
chromosome duplication. 	Kessel & Rowe (1975) found there was not 
always a decrease in the length/breadth ratios of leaflets on 
chromosome doubling of diploids and there were no differences in the 
sizes of floral organs. 	Langton & Ross (1.982) assessing the 
resistance of dihaploids and their chromosome-doubled derivatives to 
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potato cyst nematode (Globodera pallida) found that, overall, there 
were no differences between dihaploid and 4x plants, although some 
individuals showed slight increases or decreases in resistance on 
chromosome doubling. 
Whether specific characters alter in expression on chromosome 
doubling of potatoes of the type 2n = 2x, the resultant tetraploids 
do not suffer from gross physiological or developmental disorders. 
Doubling the chromosome number of tetraploids however results in 
plants which have reduced vigour, deformed puckered leaves, abnormal 
shaped tubers and a tendency to bud drop (Johnstone, 1939; Bensin, 
1952; Frandsen, 1967). 	Some workers have suggested that there are 
optimum chromosome numbers (ploidy levels) for different species of 
plants (e.g. Thomas & Thomas, 1974). 	Put another way, there 
appear to be critical ploidy levels below which growth disorders do 
not appear with increasing ploidy but above which such disorders are 
found (Randolph, 1941). 	Such critical ploidy levels have been 
demonstrated for Zea mays, Nicotiana, Petunia,Gasteria and 
Chrysanthemum by Randolph (1941). 
The existence of critical ploidy complicates the interpretation 
of observed changes in character expression on chromosome duplication. 
According to the literature, some plants show increases in size of - 
organs and either no loss of vigour or an increase in vigour on 
chromosome duplication. 	In others, chromosome doubling leads to 
deformity and much reduced vigour. 	In the former cases the increase 
in ploidy probably attains a level at or below critical ploidy whereas 
in the latter critical ploidy has been surpassed. 
In Potatoes it is evident that critical ploidy is below Bx but 
above 2x and may be 4x or a little above it. 	The ploidy levels given 
refer to meristematic tissue only since. Butterfass (1979) suggests the 
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optimum ploidy level of mesophyll tissue of crop plants is approximately 
twice meristematic ploidy. 	In tetraploid potatoes most mesophyll cells 
would probably be 8x. 	Hence critical ploidy for individual cells of 
S. tuberosum would appear to be greater than 8x. 	It may be because 
this is exceeded in the endopolyploid tissues that growth irregularities 
occur in chromosome-doubled tetraploid potatoes (i.e. meristematic 
ploidy = 8x). 
Serious growth irregularities have not been reported for 
chromosome-doubled diploid potatoes whether they are from naturally 
occurring diploids such as Group Phureja (Ross, et al., 1967, Rowe, 
1967; Hermsen et al., 1981) or artificially produced dihaploids 
(Frandsen, 1967). 	This suggests that diploid potatoes in general 
would be useful material for examining the effects of chromosome 
duplication in Solanum tuberosum without the complications of 
surpassing critical ploidy levels. 	It also suggests that dihaploids 
would be the most useful material for observing the effects of changes 
in ploidy level within the commercially most important Tuberosum Group. 
Changing the ploidy level of a plant means that factors in the 
internal environment with which its genes interact are altered and the 
effects of this on the phenotype are the subject of this study. 
There may be differential interactions of ploidy level with external 
environmental factors and so it is important first of all to know how 
such external factors affect potato plants. 
The effects of different growing conditions on tetraploid 
Tuberosum plants have been extensively studied (reviews by Ivi.ns & 
[1ilthorpe, 1963; 11oorby & milthorpe, 1975; Harris, 1978). 	Temperature 
for example has been shown to affect growth in several ways. 	more 
leaves are formed at higher temperatures ( 	20 °C) although leaflets 
are larger and flatter at lower temperatures. 	Low temperatures also 
5. 
cause tubers to form earlier and more tubers are produced per plant 
although they are generally smaller (Boedlander, 1963). 
Low light intensity increases the ratio of foliage to tubers 
and encourages greater stem elongation (Pohjahkallio, 1951). 	At 
high light intensities leaf weights are at their greatest. 
Pohjahkallio (1951) also showed that early tuber formation could 
be induced by high light intensities and resulted in higher tuber and 
overall dry matter yields. 	Daylength is known to have a profound 
effect on Group Tuberosum potatoes (Winkler, 1961). 	Short days of 
less than 12 h accelerate development i.e. stem elongation stops 
earlier,' there is earlier tuber initiation and plant senescence 
occurs earlier than under long days. 	Early cessation of stem 
elongation however results in fewer leaves being produced. 	Since 
under long days foliage remains alive for longer, final tuber yields 
under a short day regime are lower despite earlier tuber initiation. 
The tuber yield of a potato plant and those characters which interact 
to produce tuber yield (such as leaf area, rate of photosynthesis etc) 
have been shown therefore to be highly sensitive to changes in 
external environmental factors. 	Changes at internal environmental 
levels with which genes interact may or may not have as great an effect 
on these characters. 	Ploidy changes have been found to cause changes 
for example in the levels of growth substances in some plants (Tal, 
1979). 	Such substances are factors of an internal environment as 
agents of the 'intercellular conversation' referred to by Davidson et 
al., (1976) which is responsible for maintaining the organisation of multi-
cellular tissues. 	Changes in levels of growth substances can alter 
the structure, rate and stage of development and so affect tuber yield in 
potatoes. 	Besides quantitatively altering the chemical content of 
cells the effects of ploidy changes in cell size may be important in 
affecting mechanical properties within tissues which in turn affect 
development. 	Yeoman & Brown (1971) for example demonstrated that 
mechanical stress determined the distribution of cell divisions in 
multicellular structures. 
External environmental factors interact with factors at different 
levels, both intercellular and intracellular, within the plant. 
These factors interact with the genotype to determine the phenotype 
at a given point in time. 	If external environmental factors were either 
held constant, or their effects allowed for by. means of statistical 
analysis of data, the effects of changing an internal environmental 
factor, such as ploidy status, on phenotype would be revealed. 
Introduction 
Dihaploid potatoes have been the subject of much 
discussion concerning their role as potential breeding material 
(Hougas & Peloquin, 1958; 	Chase, 1963; 	11endiburu et. al., 
1974). 	Chase (1963) proposed a scheme whereby dihaploids 
were interbred with other diploid material, to combine useful 
characters, and then the products chromosome-doubled using 
coichicine to regain the tetraploid condition. 	The 
tetraploids were then used as parents to produce tetraploid 
cultivars. 	In this way, the simpler genetic ratios involved 
in breeding at the diploid level compared with the tetraploid 
level (where inheritance would be tetrasomic) could be 
exploited, principally to produce highly homozygous material 
for chromosome-doubling followed by outbreeding at the tetraploid 
level. 	Subsequent work by Peloquin and his co-workers (e.g. 
11endiburu et. al., 1974; 	I'Iok & Peloquin, 1975; 	Mendiburu 
& Peloquin, 1977) has shown that highly hetarozygoustetraploids 
can be produced directly from diploids by 4x x 2x or 2x x 2x 
crosses, exploiting the capacity of diploid potatoes to produce 
unreduced gametes, i.e. having the same chromosome number as the 
diploid parent. 
Vegetative chromosome doubling of dihaploid potatoes 
to produce breeding material after the manner of Chase (1963) 
is likely to be confined in the near future at the Scottish 
Crop Research Institute to producing tetraploid Group Tuberosum 
clones which are quadriplex for important major genes, such 
as H for resistance to Globodera rostochiensis and virus 
resistance genes. 	Since all the offspring would have each 
of the major genes for which the parent was quadriplex, there 
would be a saving of valuable screening resources by using 
this material. 
There is also considerable interest in breeding 
potatoes exclusively at the diploid level (e.g. Hougas & Peloquin, 
1959; 	Van Suchtelen, 1966; 	Sosa and de Sosa, 1970; 
Vavilova, 1972; 	Holden, 1976). 	Highly heterotic diploid 
material can be produced by intercrossing Group Tuberosum 
dihaploids with naturally occurring diploids of the Phureja 
and Stenotomum groups. 
For the two main breeding purposes for which dihaploids 
are to be used, therefore, it would be of value to the breeder 
to know how ploidy status affects Group Tuberosum genetic 
material. 	Where dihaploids are used as breeding material 
to produce diploid hybrids or to produce vegetatively chromosome 
doubled tetraploids it is necessary to know how important 
agronomic characters, such as tuber yield, are affected by 
switching genes from one ploidy level to another. 	It may be, 
as suggested by Mendoza & Haynes (1973), 	that Group Tuberosum 
genetic material is 'physiologically more efficient' in the 
tetraploid state than in the diploid state. 	If this is 
correct, Group Tuberosum genetic material would produce higher 
yielding, faster growing. plants when present in tetraploids 
than if present in diploids. 
Information as to how ploidy status affects Tuberosum 
gene expression can best be obtained by comparing dihaploid 
phenotypes with the phenotypes of their vegetatively chromosome-
doubled derivatives. 	This is because:- 
Dihaploids do not show serious growth 
irregularities (unless these are caused 
by recessive alleles of major genes in 
which case they can be recognised as 
such), 
Doubling the chromosome number of dihaploids 	 - 
does not exceed the critical polyploid status 
of Group Tuberosum, 
Chromosome-doubled dihaploids have no 
qualitative genetic differences from the 
original dihaploids so that differences in 
phenotype between dihaploids and their 
tetraploid derivatives are due entirely 
to ploidy differences. 
This thesis examines the effect of chromosome doubling 
of dihaploids on characters which are of the greatest 
importance to plant breeders, i.e. those which determine 
tuber yield and plant growth. 	As has been found by other 
workers, these characters, in particular yield, rate of 
photosynthesis, leaf area and leaf morphology, are highly 
sensitive to changes in the external envoronment of the plant. 
Possibly they will prove sensitive to changes in the internal 
environmental factors with which genes interact, since such 
factors are in closer proximity to the genetic material. 
Changes in ploidy status change the, amount of genetic material 
present in the nucleus and, in addition, cause alterations 
in cell size and amounts of cell constituents, all of which might 
be expected to affect gene action and therefore phenotype. 	On 
the other hand, higher plants have many endopolyploid cells produced by 
endomitosis, which results in genome multiplication within cells 
during histogenesis. 	Possibly therefore their genotupes 
are tolerant of changes in ploidy status, at least within 
a range of ploidy levels. 
The objective of this thesis is to determine the 
effect that changing the (meristematic cell) ploidy status 
from diploid to tetraploid has upon tuber yield and characters 
which interact to produce yield. 	The results will show 
if the theory of Mendoza & Haynes (1973), that Group Tuberosum 
genetic material shows an adaptation to tetraploidy rather 
• than diploidy, is correct and whether this needs to be taken 
into account by plant breeders transferring genetic material 
between the two ploidy levels. - 
Materials and Methods 
1. Plant Material 
Dihaploid production 
Dihaploids were obtained by pollinating tetraploids with a 
clone of Solanum tuberosum Group Phureja (Dodds). 	The clone, 1VP48, 
was an efficient inducer of dihaploids. 	Flowers of the tetraploids 
were cut from field plots and the stems put into bottles of water. 
This process encourages berry set in potatoes (McLean & Stevensen, 
1952). They were emasculated when the buds were about to open and 
pollinated two days later. 	(See App. 3 for induction mechanism.) 
Seedlings were raised from the seed obtained, in peat compost 
or sand and peat mixture (University of California soilless compost) 
and were screened for ploidy number in root tips. 	Root tips (2 to 
5 mm) were harvested and pretreated with 8-hydroxyquinoline at 18 
for 3h, before being fixed in 3:1 ethanol : acetic acid overnight and 
stained with 1% Crystal Violet (Hermsen et al., 1970). 	The dihaploids 
used in this study are listed in Table 1 along with their tetraploid 
parents. 
Coichicine treatment of dihaploids and identification of tetraploid 
derivatives 
Tetraploids were produced by treating dihaploids, as scions 
grafted onto tomato rootstocks (variety Eurocross B), with aqueous 
solutions of coichicine after the method of Dionne (described by Ross 
et al., 1967). 	Three treatments were used; 05% for 24h, 05% for 
48h and 1% for 24h. 	Cuttings were taken from shoots arising from 
treated meristems, rooted in sand then potted into peat compost and 
allowed to produce tubers. Plants raised from the tubers were screend 
for ploidy in root tips using the method described in la. 	Two 
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Materials and Methods Table 1. 
Origins of Dihaploid and chromosome-doubled dihaploid clones. 
Tetraploid Parent 	Dihaploid 	Chrom. Doubled Dihaploids 
2n=4x 	 2n=2x 2n=4x 
cv. Pentland Crown 	PDH 7 
PDH 52 
	
6318(4) 	 PDH 135 
PDH 150 

















to six root tips were sampled per plant. 	Each tip was squashed and 
its cells scanned to see if there were large differences in the 
chromosome numbers (i.e. 24 or 48) of individual cells. 	Accurate 
chromosome counts were then made of three cells of each ploidy type. 
Plants were screened for ploidy in epidermal tissue using chloroplast 
counts in stomatal guard cells after the method of Frandsen (1967). 
The mean count of 10 or 20 guard cell pairs was used to indicate ploidy. 
Counts within the range 10 to 20 were regarded as being 2x, 20 to middle 
30s 4x, and over 35 8x cells (Frandsen, 1967). 
Ploidy of germ cells was determined by making preparations of 
pollen mother cells using the method of Swaminathan et al. (1954). 
Flower buds 2 to 3 mm long were fixed in 3:1 ethanol : propionic acid 
saturated with ferric acetate and two anthers per bud were squashed 
and stained with propiono-carmine. 	As for root tips all cells of 
the anther squash were scanned to see if there were obvious differences 
in cell ploidies. 	Accurate chromosome counts of the induced tetraploids 
are given in Table 1 in this section. 
2. Methods 
a) Raising of plants 
For each experiment dihaploids, their tetraploid parents and 
their chromosome-doubled derivatives were raised together. 	Three 
batches of plants were raised in a growth chamber from tuber pieces, 
each containing . a single sprout, planted in pots 10 cm in diameter 
.filled with John Innes No. 2 0.1. 2) compost (first batch) or peat 
compost (Scottish Agricultural Industries). 	All plants were kept 	to 
a single stem throughout growth. 	For the first experiment 
temperature was 21 0C for a 16 h light period with light intensity 
10,500 lux at pot-base level and 13 °C for the Sh dark period. 	The 
second growth chamber experiment was conducted on two groups of three 
plants of each clone grown in the first batch. 	Temperature was 17 °C 
for the 16h light period with light intensity 10,000 lux at pot-base 
level and 13 °C for the 8h dark period. 	The first group was planted 
seven days wi-tier than the second. 	The third experiment was 
conducted on plants raised under the same conditions as those described 
for the second experiment. 	Plants were also raised in the glasshouse 
from tuber pieces. 	They were grown in peat compost in 10 cm 
diameter pots and kept to a single stem. All the growth chamber and 
glasshouse plants were fed with 'Solinure' (Fison) solution four weeks 
after planting and thereafter at two-week intervals. 
Field experiments were planted in three years and included 
Pentland Crown, PDH 7 and its chromosome-doubled derivatives. 	The 
first year's planting consisted of two randomised block designs; five 
blocks of five three-tuber plots were planted of Pentland Crown, 
PDH 7, C3(2), C7(1) and C7(3) and four blocks of four three-tuber 
plots of Pentland Crown, PDH 7, C3(1) and C3(4). 	The plots were 
arranged in blocks which ran across the planted ridges 75 cm apart 
with 1 m paths between blocks. 	Plants within plots were 45 cm apart. 
In the second year a single Latin Square design of seven 
blocks of seven three-tuber plots was planted incorporating all seven 
clones planted in the first year. 	Spacing of plants was the same as 
in the previous year. 	In the third year the planting was repeated 
using five-tuber plots of the same material. 
In an attempt to ascertain the reactions of Pentland Crown, 
PDH 7 and its tetraploid derivatives to nutrient and water stress, 
tubers were planted in plastic sacks containing J12 or unfertilised 
clay loam. A single tuber was planted in each sack and the sacks 
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were placed 45 cm apart in the field in a six by seven block. 	Some 
accidental mixing of the doubled PDH 7 clones had occurred in store 
so no attempt was made to distinguish between them in this experiment. 
Eleven sacks were planted with Pentland Crown, 12 with POH 7 and 25 
with doubled POH 7. 	Control of soil moisture was attempted by 
ceasing watering of at least two plants per clone growing in 312 and 
unfertilised soil ten days after emergence and closing the necks of 
the sacks to prevent ingress of rain. 	Other plants were watered as 
required. 
In a glasshouse-experiment to examine differences in genotype 
reactions to three soil nutrient levels three sprouts each of Pentland 
Crown, POH 7, doubled POH 7, PDH 52, doubled PDH 52, 8318(4), PDH 150 
and doubled P0K 150 were planted in each of three different composts 
in pots 19 cm in diameter. 	The three composts were 312 (with 
fertiliser as formula), 1:1 9 J12 : 312 without fertiliser and 312 
without fertiliser. 	Plants were watered as required and growth kept 
to a single stem. 	They were fed as follows four weeks after planting 
and then every two weeks until senescence : full strength "Solinure" 
solution was given to plants in 312, half strength solution to plants 
in 1:1 mixture and water only to plants in 312 without fertiliser. 
b) Measurement of rate of photosynthesis 
Gross rates of photosynthesis were measured using apparatus 
described by Incoll & Wright (1969). 	This supplies air, from which 
CO  has been removed and replaced by 
14CD29  to an area of abaxial 
leaf epidermis 25 cm in diameter. 	Exposure was for one minute at 
a flow rate of 110 mis per minute. 	A leaf disc 145 mm in diameter 
was cut from each exposed area and the material prepared for the 
scintillation counter by one of two methods. 	The first was freezing 
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of the disc with dry ice (solid CD2 ) to stop respiration and then 
burning it in a Packard Sample Oxidiser. 	The 
14CO2 evolved on 
burning, was dissolved in solvent and mixed with scintillant. 	The 
second method was by digesting the disc in toluene-based alkali 
solvent (Soluene; Hewlett-Packard), bleaching the solution with 
benzoyl peroxide and adding scintillant (PPO; Fison) (Incoll & 
Wright; 1969). 	The second method was used for all 14C0 experiments 
except the first batch of plants grown in pots in a growth chamber. 
Measurements on the first and third batches of growth chamber 
plants and the glasshouse-grown plants raised in peat compost were 
made on the terminal leaflet of the sixth compound leaf. 	14C0 
feeding experiments were carried out on the second batch of growth 
chamber-raised plants measured using the terminal leaflet of the 
seventh compound leaf of each plant. 
Measurements of photosynthetic rate of field-grown material 
were made using the terminal leaflet of one fully expanded healthy 
leaf on the centre plant of each plot. 
c) measurements of plant parts 
The area of each leaf in the first batch of growth chamber 
plants was determined when the seventh compound leaf was fully 
expanded. 	This was by exposing leaves to light over photographic 
printing paper in a dark room and developing and fixing their images, 
which were then photocopied onto plain paper for cutting out and 
weighing. 	Four weeks later the plants were divided into their 
constituent parts of leaves, stems and roots. 	The top ten leaves, 
if not senescent, were photocopied and their images on paper cut out 
and weighed. 	The number of leaf nodes and tubers were counted and 
stem length (plant height) measured. 	All plant parts were weighed 
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fresh and oven-dried (60 
0C for 48h). 
The second batch of growth chamber-raised plants were harvested 
64 and 57 days after planting the first and second groups respectively. 
Shoots, tubers and roots were weighed fresh and oven-dried. 
Field-grown plants were harvested in October of 1979 and 1980 
and in July of 1981 for the Latin Square experiment and October for 
the nutrient/water stress experiment. 	Tubers from each plot were 
counted and weighed. 	In 1981 the foliage was cut from the Latin 
Square plants and weighed fresh immediately before the tuber harvest. 
The foliage of three plots each of PDH 7, C3(1) and Pentland Crown 
selected at random was also oven-dried and reweighed. 
The number of leaf parts (leaflets and lobes) of each leaf of 
the glasshouse-grown plants in the fertiliser experiment was counted. 
Leaves at nodes 6,8,10,12,14,15,18 and 20 (counting from the plant 
base) on plants of Pentland Crown, PDH 7, doubled PDH 7, PDH 52 and 
doubled PDH 52 grown in 312 with full amount of fertiliser, were 
photocopied in duplicate. 	One copy of each leaf image was used to 
determine leaf area by cutting out and weighing and the other for 
measurements of leaflet dimensions. 	When most plants showed signs 
of senescence all the plants were harvested and tubers counted and 
weighed. 
d) Microscope studies on leaves 
Two discs 145 mm in diameter were cut from the leaflet used 
for photosynthetic measurements on the first batch of growth chamber 
plants. One disc was fixed in 1:1:18, 4 formalin : acetic acid : 
ethanol and the other in 35% aqueous gluteraldehyde solution. 	The 
fixed material was stored at 4 °C until required. 
Counting of chioroplasts in mesophyll palisade cells was by 
first macerating, for 15 minutes at 60 °C in 01N HC1, the discs fixed 
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in gluteraldehyde. 	After maceration the tissue was teased apart in 
a drop of water on a microscope slide and then squashed under a cover 
slip (Possingham& Sauer; 1969). Chioroplasts were counted using a phase 
contrast microscope and cell lengths and.breadths were measured using 
an eyepiece graticule. 
The material fixed in formalin : acetic acid : ethanol was 
wax-embedded and sectioned. 	Counts were made of the number of 
palisade cells per unit length of section. 
Pieces of leaf tissue approximately 25 cm square were cut from 
the terminal leaflet of each leaf at nodes 14,16,18 and 20 of Pentland 
Crown, PDH 7, doubled PDH 7, PDH 52 and doubled PDH 52 plants grown 
in 112 with full amount of fertiliser. 	They were fixed in formalin 
acetic acid : ethanol mixture and stored at 4 °C until required. 
Lengths and breadths of 10 palisade cells per sample were measured 
after maceration and squashing as described above. 
Impressions were taken of leaf abaxial epidermal surfaces using 
pieces of cellulose acetate, approximately 145 mm square, moistened 
with acetone. 	The impressions were taken from lateral leaflets 
adjacent to the terminals sampled at the leaf nodes detailed above. 
The numbers of stomata in each of three microscope fields of view 
(magnification B x 1-25 x 25) were counted for each sample. 	Area 
-3 	2 of field of view was 2'46 x 10 mm at this magnification. 
e) Statistical analysis and presentation of results 
Bar charts are used frequently for the presentation of 
results in this thesis. 	The length of each bar is determined by 
multiplying the standard deviation of the mean by the tabulated value 
of "U" (after Tukey, and method given in Snedecor and Cochran, 1980) 
for the 5 probability level. 	The position of each bar is determined 
by the mean for each clone or genotype. 	The means of clones whose 
bars do not overlap therefore are significantly different from each 
other (P-c, 13.05). 	This multiple range test is therefore very useful 
for making all possible comparisons between means to see where 
statistically significant differences occur. 	According to Snedecor. 
and Cochran (1980) it is better than the t-test since the latter 
should only be used for a small number of predetermined comparisons. 
Graphs of leaf data given in Results Section 3 and 4 sometimes 
traverse points where data was not collected. 	For example data may 
have been collected on the leaves at nodes 10 and 12 but the leaf at 
node 11 was missing. 	The graph would join node 10 with node 12 and 
thereby pass through node 11. 	However small vertical lines on the 
line of the graph indicate the last (e.g. node 10) and the next node 
(e.g. node 12) for which data was available. 
In Results Section 3 the leaf area determinations were made 
on the first seven compound leaves by a slightly different method from 
that used for leaves at the other nodes (see Ilaterials and Methods.  
part 2c). 	For this reason the line which traces leaf area at each 
node is broken between nodes seven and eight. 
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Results Section 1. 	Production of tetraploids- by doubling the chromo- 
some number of dihaploids using coichicine. 
The aim of the experiments described here. was to produce 
vegetatively chromosome-doubled derivatives of Group Tuberosum 
dihaploids. 	The tetraploids so produced were used in experiments 
designed to compare their physiological characters with the original 
dihaploids and the tetraploid (parthenogenetic) parents of the 
dihaploids. 	By comparing dihaploids with their chromosome-doubled 
derivatives the effects which changing ploidy status, would have had 
upon these characters could be observed. 	Also, by comparing the 
chromosome-doubled derivatives of dihaploids with the original 
tetraploid parent of the dihaploid, characteristics typical of the 
tetraploid condition could be identified. 
Dihaploids were produced by crosses between Solanum tuberosum 
Group Tuberosum and Group Phureja as described in Materials and 
Methods part la. 	In addition to the dihaploids listed in Table 1 
of Materials and Methods another dihaploid, POH 182 (parent 8318(4)) 
was used in the experiments described in this section. 	Three 
colchicine treatments were used as described in materials and.. Methods 
part lb. 	The dihaploids PDF-i 7 and PDH 52 were both subjected to 
all three treatments. 	Statistical analysis of the results of 
screening the plants for tetraploid root tips was carried out using 
the data on these two clones to test the differences between treat- 
ments (see Table i-i). 	There were significant differences between 
treatments (P< 0'05), the treatment which was most effective being 
05% colchicine for 24 h. 	This was the treatment used on the other 
dihaploids. 	Statistical analysis of the results of the treatment 
was carried out using data from all the dihaploids (see Table 1-2). 
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Table 1-1. 	Results of screening for ploidy of root tip cells in 
plants produced by three coichicine treatments on two 
dihaploids. 




plants with 4x roots 
CLONE 
MEAN 
PO4-I 	7 05% 	24 h 10 819 44-1 
0-5% 	48 h 13 37-5 
1-0% 	24 h 10 15-0 
PDH 52 0-5% 	24 h 67 44.4 29-1 
0-5% 	48 h 48 17.3 
1•0% 	24 h 57 28-6 
* Differences between treatments are significant (P < 0-05) 
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Table 1-2. 	Results of screening plants resulting from treatment with 
0-5% colchicine for 24 h, for ploidy of root tip cells 
CLONE 2 No. plants 
treated 
No. of plants with 4x 
roots, produced by treatment 
Mean Arcsjn,J% frequency 
of plants with 4x roots 
PDH 	7 3 10 81-9 
PDH 	40 2 25 25-8 
POH 	52 4 67 44-4 
P0f4 135 3 15 600 
PDN 150 2 48 47-8 
PDH 161 9 29 222 
POH 182 3 11 8-9 
* Differences between clones for mean arcsin (1% frequency of plants 
with 4x roots) are significant (P< 0.01) 
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There were significant differences between dihaploids (P< 001) 
in the frequencies of plants produced with tetraploid roots. 
Tissues of potato plants are considered to arise from three 
cell layers of a shoot meristem, the L 1 layer giving rise to epidermis, 
the L2 to germ cells and the L3 to roots (Howard, 1970). 	In 
screening roots tips for chromosome number per cell therefore it 
can only be established whether a plant has been chromosome-doubled 
in L 3 following colchicine treatment. 	In order to identify plants 
tetraploid in all three layers it is necessary to check the ploidy 
of tissues derived from those layers. 	Frandsen (1967) found that 
the chloroplast number of stomatal guard cells was a good indicator 
of ploidy in the L 1 of plants produced by colchicine treatment of 
potato dihaploids. 	After root tip cells had been checked for ploidy 
status therefore, stomatal guard cell chioroplast numbers were 
determined for all those plants which had tetraploid roots in the 
present experiments. 
Table 1-3 gives the mean chloroplast numbers per guard cell 
pair in the abaxial epidermis of plants with tetraploid roots. 
The range of chloroplast numbers for dihaploid plants was from 10 
to 20, for tetraploids, from 20 to mid 30s and for octoploids, greater 
(usually much greater) than 35 with an upper limit of approximately 
60. 	There was very little difference between mean chioroplast 
numbers of different dihaploids and also between those of their 
tetraploid derivatives. 	The ratios between epidermal guard cell 
chloroplast counts for one ploidy and that for double that ploidy, 
ranged from 1:1 6 to 20, with a mean of 1-81. 	Plants which were 
mixoploid for the epidermal layer were distinguished by having guard 
cells with chloroplast numbers within two ranges and usually 
differences between guard cell pairs within such clones were large. 
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Table 1-3. 	Mean chioroplast numbers per guard cell pair in plants 
raised from first tuber generation following coichicine 
treatment 
DIHPLQID 
2x • 	 4x 8x 
No. of 
- 
x chloroplasts/ No. of x- chloroplasts/ No. of 
- 
x chioropla 
Plants guard cell pair Plants guard cell pair Plants guard cell 
POH 	7 8 1495 8 26'35 2 53-20 
P011 	40 2 13-30 4 25-00 0 - 
POH 	52 39 16-00 23 25-67 0 - 
POt-I 135 0 - 13 25•93 0 - 
POt-I 150 20 1531 18 25-62 0 - 
P0t-t 	161 2 14-55 4 2840 0 - 
PDH 182 3 14-20 8 2491 0 - 
Following ploidy screening of L 1 and L 3 tissues, plants were 
allowed to flower. 	Meiotic chromosome counts were made on pollen 
mother cells as described in Materials and Methods part ib, to 
determine the ploidy of the L 2 layer. 	This was carried out on all 
plants found to be tetraploid in L 1 and L 3 . 
The results of the progressive screening of L 3 followed by 
L 1 , followed by L 2 tissues for ploidy status are summarised in Table 
1-4. 	The frequencies given for POHs 7 and 52 are means over all 
three coichicine treatments. 
A paired comparison 't' test between the transformed frequencies 
(arcsins ..J% frequency) of plants with tetraploid roots and of plants 
with tetraploid roots which also had tetraploid epidermis, showed 
there were significant differences between them (P< 005). 	Table 
1-4 also shows that all plants which were chromosome-doubled in L 1 
and L 3 were doubled in L 2 (arcsin ji00% frequency 	OO). 	In 
addition to the total of 39 plants which were tetraploid inL 1 and 
L 3 and then screened for ploidy status in L 2 , 12 plants of the type 
L 1 = 4x, L 2 = 2x and 19 of the type L 1 = 2x, L 3 = 4x were retained. 
The ploidy status of the L 2 was determined for each of these plants 
and in all except one the ploidy of the L 2 was the same as that of 
the L 3 . 	The exceptional plant had the constitution L 1 ,L 2 = 2x, 
L 3 = 4x. 	Fifteen plants had the same ploidy for L 2 and L 3 but 
different ploidy for L 1 . 
Periclinal chimaeras, where L 1 and L 3 ploidies were different, 
were usually stable through three tuber generations. 	Three out 
of four clones of the type L 1 = 2x, L3 = 4x which were ploidy- 
checked over three tuber generations retained their chimaerical nature 
(Table 1-5). 	One clone altered from L 1 = 2x, L 3 = 4x to 2x in both 
layers after the second tuber generation. 	Five out of six clones 
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Table 1-4. 	Frequencies of plants obtained with Ax L 3 ; Ax L 1 when 
L 3 = Ax; Ax L 2 when L 1 and L 3 = Ax 
QIHPL0t0 
L3 	4* Li 	4* 4efl L3 	4* L2 	(4* when 
L1L3 = 4* 
No. of ear' 	rcsir, 	' 
Na. 	f 
Plants 




Plants (1regLency) (it Freuercy) Screened Screcned Screened 
?4 	7 33 441 iS 542 5 
900 
P1 	43 25 258 3 gao 3 90.0 
PD4 	52 172 35.5 21 4L8 - 6 
9 90•0 
4 135 15 600 11 9•0 
9 90•0 
24 150 48 (478 21 43•5 
9 90•0 
2)4 161 28 222 7 720 
2 90•0 
4 182 11 8•9 1 90.0 
1 900 
* The rfl arcsiris (It frequency) in =clwm 3 are significantly lower 
than those in COIUTYI S (P A,  305) 
Table 1-5. 	Types and numbers of ploidy chimaeras derived from first tuber year plants with ploidy of L 1 tissue 
different from that of L 3 tissue. 
DIHAPLOID 
First tuber year 
CLONE  
Second tuber year Third tuber year 
L 1 L 2 1 3 
No. 
Screened 
No. as in 
1st. 	yr. 
No. 	type 
unlike 1't year 
No. 
Screened 
No. as in 
2nd. 	yr. 
No. 	: 	type 
unlike 2nd year 
- 
PUN 135 C77 ( 6) 4* - 2* 2* 2 0 0 - 
C79 ( 2) 4* - 2* 2 2 0 3 3 0 
PW 150 C35 (27) 2* - 4x 2 2 0 0 - - 
C36 ( 2) 2* - 4* 9 0 9 	L1, 	L3 	2* 4 4 0 
PUN 161 C57 ( 	1) 2* - 4* 2 2 0 2 2 0 
C64 ( 	2) 2* - 4* 2 2 0 2 2 0 
C72 ( 	1) 4* - 2* 2 2 0 2 2 0 
















2 	Li, 13 =2x 
0 
COl 	(12) 4* - 2* 2 2 0 4 4 0 
4 soot tips screened only. 
of the type L 1 = 4x, L 3 = 2x retained their mixoploid nature over 
three tuber generations. 	One sorted at the third year into plants 
2x in both layers (Table 1-5). 
There were significant differences therefore in the effectiveness 
of the colchicine treatments in producing plants tetraploid in L 3 
and in the abilities of different dihaploids to produce tetraploids 
in response to coichicine treatment. 	Plants which had tetraploid 
roots had a high probability of also having tetraploid epidermis, 
higher than the probability expected if chromosome doubling of L 1 
and L 3 had occurred independently. 	Since the L 1 layer at a shoot 
meristem overlies the L 3 layer this is to be expected. 	If the lower, 
L 3 , layer was found to have been affected by colchicine the chemical 
must have diffused through and probably therefore also affected the 
L 1 . 
Plants which were chromosome-doubled in L 1 and L 3 were also 
doubled in L 2 . 	Also in all the plants examined the L 2 and L 3 layers 
were of the same ploidy except in one case, irrespective of the ploidy 
of L 1 . 	This suggests that tissues arising from putative L 2 and 
L 3 layers are in fact derived from the same layer. Possibly the 
structure of sub-axillary meristems is a two rather than a three-
layered one regarding the origin of tissues. Where the L 2 and L 3 
were of different ploidy this may have been due to periclina.1 cell 
divisions in L 1 replacing L 2 cells. 
There appeared to be no difference in vigour between 2x and 
4x tissues (though this will be examined further in the experiments 
with dihaploids and their completely tetraploid chromosome-doubled 
derivatives). 	It is unlikely therefore that one tissue type would 
become dominant by differential growth in the chimaera. 	Some leaves 
of chromosome-doubled PDH 52 had fused leaflets and were darker green 
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than the original dihaploid. 	In material which had octoploid tissue, 
which occurred rarely as a result of overtreatment with coichicine, 
the latter was always more weakly growing than the tetraploid tissue. 
Unfortunately no wholly-octoploid or octoploid chimaeric plants 
survived for studies to be carried out. 	The plants were characterised 
however by having grossly distorted dark green leaves, smaller than 
normal dihaploids or tetraploids, and with smaller tubers. 	The 
distortion was typical of 8x material irrespective of whether it 
was chimaerical. 
The experiments described in this section have tested three 
diffe'ent coichicine treatments and have identified the treatment 
05% colchicine for 24 h as that which produced the highest frequency 
of tetraploids from dihaploids. 	The experiments have succeeded 
in producing plants which are tetraploid in epidermis, germ cells 
and roots (i.e. tetraploid throughout) from dihaploids. 	This material 
was compared with the original dihaploids and tetraploid parents 
of the dihaploids in a series of experiments, described in the sub-
sequent sections, whose aim was to establish what effect changing 
the ploidy status of Group Tuberosum potatoes had upon characters 
which determine tuber yield in this important crop plant. 
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Results Section 2. 	Examination of the effects of chromosome doubling 
on photosynthetic rate, tuber yield and shoot production in a dihaploid, 
its chromosome-doubled derivatives and tetraploid parent under field 
conditions. 
As found by the experiments of Section 1, where dihaploid and 
tetraploid tissues occur together in a chimaerical plant resulting 
from colchicine treatment, neither tissue type becomes predominant. 
Periclinal chimaeras were generally found to be very stable over 
several tuber generations. 	This indicated that plants of both ploidy 
types were similar in their yields of plant material. 	In order 
to determine the reasons for this similarity experiments, described 
in this section, were conducted to compare the rates of photosynthesis 
per unit leaf area, and yields of shoot and tuber material of the 
dihaploid PDH 7 and its chromosome-doubled derivatives. 	To determine 
what characteristics were typical of the tetraploid condition the 
chromosome-doubled dihaploids were also compared with Pentland Crown, 
the tetraploid parent of the dihaploid. 
Total yield of plant material is determined by the rate of 
photosynthesis and the amount of actively photosynthesising material 
throughout the life of a plant. 	Tuber yield is a proportion of 
the total yield of plant material produced. 	A change in ploidy 
number would affect tuber yield if it affected the total yield of 
plant material. 	This would be affected, in turn, by a change in 
the rate of photosynthesis, the amount of photosynthetic material 
or both. 	The experiments described in this section therefore were 
designed to find if there were differences in the tuber yields of 
the dihaploids, its chromosome-doubled derivatives and parent, and 
then to find how such differences arose by comparing the determinants 
of tuber yield. 
The plant breeder is concerned with improving tuber yields 
under commercial agricultural field conditions and so these experiments 
were conducted under conditions similar to those. 	Field preparation 
for planting was the same as that used in commercial practice 
regarding tillage, ridging and fertiliser application. 	Spacing 
of plants within plots was also that used in commercial agriculture. 
As described in Section 1 colchicine treatment of dihaploids resulted 
in the production of several tetraploid clones with an identical 
genotype. 	The integrity of each clone was maintained through several 
generations of vegetative propagation and in these experiments compari-
sons were made between clones. 	Any differences found between these 
tetraploids would indicate an effect of the origin of the tissue 
which gave rise to each clone. 
The clones used in the experiment were the cultivar Pentland 
Crown, a dihaploid derived from it, PDH 7, and five clones of 
chromosome-doubled PDH 7, C3(1), [3(2), [3(4), [70) and [7(3). 
In the first year, 1979, there was insufficient tuber material to 
plant a single seven rows by seven columns Latin Square design. 
Instead, two'.randomised block experiments were planted. 	One (a), 
five blocks of five clones, comprised Pentland Crown, PDH 7, [3(2), 
[7(1) and [7(3). 	The other (b), four blocks of four clones, 
comprised Pentland Crown, PDH 7, [3(1) and [3(4). 	In the two sub- 
sequent years a single seven by seven Latin Square comprising all 
seven clones, was planted each year. 	For ease of data analysis 
however the clones were regarded as being in two groups of five and 
four clones respectively corresponding to those of 1979 a and b. 
In 1979 plots each contained three tubers and the experiments 
were planted at Blythbank farm, Borders Region. 	In 1980 and 1981 
larger, five-tuber plots were used, made possible because of the 
tuber multiplication of 1979, and the experiments were planted at 
The fvlurrays farm, East Lothian. 	Plants within plots were spaced 
45 cm apart along a ridge. 	Ridges were 75 cm apart and plots in 
the same ridge were im apart. 	Planting dates were 2nd May 1979, 
30th April 1980, and 20th April 1981. 	Measurements of 14CO2 were 
made on the terminal leaflet of one fully expanded leaf near the 
top of the centre plant in each plot as described in Materials and 
Methods part 2b. 	These were carried out on 13th August 1979 and 
11th August 1980. 
Chromosome doubling has often been reported to result in slowing 
down the metabolism, growth and development of plants. 	It may be 
expected therefore that chromosome-doubled dihaploids begin producing 
tubers later than the original dihaploid and perhaps bulk up at a 
slower rate. 	If this was the case the tetraploids would have lower 
tuber yields than the dihaploid at an early stage of growth, even 
though at maturity their yields were similar. 	In one year, 1981, 
the field plots were harvested approximately six weeks earlier than 
the planned maincrop harvest date and tuber yields determined. 
All shoot material was cut and weighed from all plots of the 
1981 planting. 	Oven-dry weights of shoots were obtained from three 
plots, selected at random, of Pentland Crown, PDH 7 and C3(2). 
Tuber harvesting was on 5th September 1979, 16th October 1980 and 
18th August 1981. 	Tubers from each plot were weighed and counted. 
Figure 2-1 presents the results of measuring photosynthetic 
rate and tuber yield in all three years. 	Measurements of rate of 
photosynthesis are expressed in terms of number of counts per minute 
14 	 2 of CO 29 corrected for background radiation, per 165 mm of leaf 
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Figure 2-1. 	Bar charts of rates of photosynthesis (left hand diagrams) and tubdr 
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area (i.e. leaf disc 145 mm in diameter). 	Two pairs of diagrams 
give the data for 1979 corresponding to the two clone groups a and 
b. 	The mean rate of photosynthesis for experiments in the two years 
taken together along with mean tuber yields over three years are 
given in Figure 2-2 for clone groups a and b. 	In the results for 
1979 group b in Figure 2-1, C3(4) was shown to be significantly 
different from PDH 7 and the other tetraploids in that group for 
rate of photosynthesis. 	However this difference was not consistent 
over the years and the mean for C3(4) over two years was not 
significantly different from the other chromosome-doubled dihaploid 
clones (Fig. 2-2). 
All the diagrams in Figures 2-1 and 2-2 showed that Pentland 
Crown had a higher gross rate of photosynthesis than the other clones. 
There were no consistent significant differences (P< 005) however 
between PDH 7 and its chromsome-doubled derivatives nor between the 
clones of doubled PDH 7. 	The same was also t'rue of tuber yield. 
This indicates that the differences in tuber yields were probably 
partly due to differences in photosynthetic rates. 	Clearly ploidy 
number was not an important determinant of photosynthetic rate or 
tuber yield, since the dihaploid and its tetraploid. derivatives were 
similar and the latter were significantly different from tetraploid 
Pentland Crown. 
Figures 2-3 and 2-4 give the results of tuber yield, tuber 
number and mean tuber weight for the two' groups of clones in 1979. 
Figures 2-5 and 2-6 give tuber yield, numbers and mean tuber weights 
for all clones in 1980 and 1981. 	In 1979 and 1981 these were 
calculated on a per plant basis rather than a per plot basis as in 
1980. 	This was because in 1979 and 1981 there were plants missing 
from some plots at harvest due to non-emergence. 	Means over three 
Figure 2-2. 	Bar chart -s for means of two years. results of measuring rate 
of photosynthesis (left hand diagrams) and tuber yield (right 
hand diagrams). 	Bars = 95% confidence intervals. 
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PDH 7 and its tetraploid derivatives. 
The experiments in this section have shown that the rate of 
photosynthesis per unit leaf area and the shoot and tuber yields 
of the chromosome-doubled derivatives of PDH 7 are similar to those 
of PDH 7. 	Ploidy doubling therefore had no effect upon these characters. 
There were no differences either in the components of tuber yield i.e. 
tuber number per plant and mean tuber weight. 	There were no consistent 
significant differences in these characters between clones of the chromo- 
some-doubled dihaploid. 	The origin of the tissue frOm which each 
chromosome-doubled clone was derived therefore had no effect upon these 
characters. 
The higher tuber yield of Pentland Crown was probably due to 
a higher rate of photosynthesis per unit leaf area and a higher shoot 
yield. 	The higher tuber yield was due to the cultivar producing 
a larger number of tubers which had a higher mean tuber weight than 
the other clones. 	Rates of photosynthesis were measured for one minute 
at a given time so giving comparative measurements between clones within 
any one experiment. 	No attempt was made to assess photosynthesis over 
longer periods, which could have been done using whole plants or leaves 
and an infra-red gas analyser had the apparatus been available. 	This 
would have given a better measure of the assimilatory capacity of the 
plants during their growth period. 	However the point measurements 
used gave genotype rankings which were repeatable between experiments 
and which corresponded to the ranking of tuber yields. 	It is therefore 
considered that despite the obvious limitations of the method the measure-
ments provided useful comparative data on the photosynthetic efficiencies 
of leaves of different genotypes. 
The higher yield of Pentland Crown therefore was not due to its 
• tétraploid status. 	The difference in yield was probably due to qualit- 
ative genetic differences i.e. the chromosome-doubled derivatives of 
PDH 7 lacked genes for high yield present in Pentland Crown. 
Changing the ploidy status of the dihaploid genotype to the 
tetraploid level has been shown by the experiments in Section 1 and 
in this section not to result in large changes in phenotype. 	The 
rate of photosynthesis and yield of plant material for the dihaploid 
and chromosome-doubled dihaploids are similar. 	Closer comparison 
of dihaploids and their tetraploid derivatives under controlled 
growing conditions in a growth chamber might reveal less obvious 
differences in phenotype. 	At the same time, increasing the number 
of dihaploids and their chromosome-doubled derivatives and parents 
should provide evidence of general differences or similarities 
between them. 	Experiments in the next section, therefore, were 
conducted on an increased range of genotypes using plants grown in 
the growth chamber. 	Not only were rates of photosynthesis per unit 
leaf area and yields of plant material measured but comparisons were 
also made of the development of leaf area and of chioroplast numbers 
per mesophyll palisade cell. 
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Results Section 3. 	Examination of the effects of chromosome doubling 
on rate of photosynthesis, anatomical characters, palisade cell chloro-
plast numbers and sizes in three dihaploids, their chromosome-doubled 
derivatives and parents grown in the growth chamber and glasshouse. 
The results from the field experiments described in Section 2 
showed that the dihaploid, PDH 7, and its somatically chromosome-
doubled derivatives had both similar rates of photosynthesis per 
unit leaf area and similar yields of tubers and shoots. 	The partheno- 
genetic parent of the dihaploid, Pentland Crown, was superior in 
these characters (though not significantly for shoot yield, P >005) 
to POH 7 and its chromosome-doubled derivatives. 	In order to measure 
rate of photosynthesis and yield of plant material under controlled 
environmental conditions, plants of the same genotypes as were used 
in the experiments described in Section 2 were grown in the growth 
chamber and glasshouse. 	In this way it was hoped that some effects 
of doubling the chromosome number on the growth and development of 
PDH 7, not seen in the field experiments would be revealed. 
The dihaploids and their - chromosome-doubled derivatives produced 
by the experiments of Section 1 were maintained as pot-grown plants 
in the glasshouse.. All except PDH 7 and its tetraploid derivatives 
produced small tubers which, it had been found, did not grow well 
in the field under the conditions described for the experiments of 
Section 2. 	Since the growth chamber and glasshouse experiments 
were to be conducted on pot-grown plants, however, material other than 
that derived from POH 7 could be included. 	Two dihaploids, PDH 52 
and POH 150, their chromosome-doubled derivatives and the parent 
of PDH 150, 8318(4), were grown in these experiments. 
The field experiments showed that the superior yield of Pentland 
L,_ _1 
Crown over the other clones was probably due to both a higher rate 
of photosynthesis per unit leaf area and a larger amount of shoot 
material (Section 2). 	Growing plants in the growth chamber enabled 
detailed comparisons to be made of shoot growth and leaf development 
as well as further measurement of rates of photosynthesis. 	In this 
way more information was obtained on the physiology and growth of 
PDH 7 and its chromosome-doubled tetraploids to help explain why 
chromosome doubling had no effect on rate of photosynthesis per unit 
leaf area and tuber yield and also why Pentland Crown was superior. 
-In order that shoot growth and leaf development could be closely 
compared between plants and between clones, plants were kept to a 
single stem throughout the experiments. 	All plants were raised 
from a single tuber eye planted in John Innes No. 2 (1979) or peat 
compost (1980) in pots 10 cm in diameter. 
In 1979 three plants were raised of each of the following 
clones 	Pentland Crown, POH 7, C3(4), C7(1), PDH 52, C16(23), 
C16(31), C22(1), 8318(4), POH 150, C34(33), C35(9) and C38(23). 
Measurements of leaf area were made of individual leaves of 
the first seven compound leaves per plant when the seventh leaf was 
fully expanded. 	Leaves were not excised but exposed over photo- 
graphic printing paper in a dark room. 	After developing and fixing, 
the leaf images were photocopied onto ordinary paper and the shapes 
cut out and weighed. 	Rates of photosynthesis per unit leaf area 
were made on the sixth compound leaf when the seventh leaf was fully 
expanded (for details see Materials and Methods part 2b). 
Additional discs of leaf material were cut from the sixth leaf for 
determination of chloroplast numbers per palisade mesophyll cell 
and cell dimensions. 	Four weeks later the height of each plant 
was measured and all the remaining leaves cut off and photocopied 
us 
for leaf area determination. 	The stem was cut at soil level and 
the roots washed out of the compost. 	All the leaves and other plant 
parts were weighed fresh and oven-dry. 
In 1980 two experiments were planted in the growth chamber. 
In the first, two groups of two plants per clone were raised, the 
first group being planted seven days earlier than the second. 	The 
clones represented in this experiment were as follows : Pentland 
Crown, POH 7, [3(4), [7(1), [7(3), PDH 52, [16(23), [17(20), [22(1), 
8318(4), PDH 150, [34(33), [35(9) and [36(23). 
Because of the difficulty in estimating when the seventh leaf 
would be fully expanded a later leaf was used for measurement of 
rate of photosynthesis in the second growth chamber experiment. 
When the eighth compound leaf of each plant was fully expanded the 
seventh leaf was used for measurement of rate of photosynthesis. 
Harvesting of shoots and roots was carried out 57 and 64 days after 
planting for the first and second planting groups respectively. 
Plant parts were weighed fresh and oven-dry. 	As no significant 
difference (P '05) was found for any of the characters measured 
between the data from the two planting groups they were combined 
for statistical analysis of clone performance. 
The second growth chamber experiment planted in 1980 was 
carried out under conditions identical 'to those of the first. 	Three 
plants were raised of each of the following clones : Pentland Crown, 
[7(3), PDH 52, [16(22), [16(31), [20(6), 8318(4), PDH 150, [34(33), 
[35(9) and [36(23). 
The sixth compound leaf was used for measurement of rate of 
photosynthesis when the seventh leaf was fully expanded. 	The plant 
material was then discarded. 	Measurement of rate of photosynthesis 
was also carried out on the sixth compound leaf of glasshouse-grown 
L,9 
TAKE 3-2. 	Mean rates of photosynthesis per 
unit leaf area of plants in glasshous 
( 14C counts per minbte). 
- LNE * 
No. of 
2Lrs 
P A1E OF 
PT'Yr}-SIS 
PEPTLC 	CiN 3 35325 
PO4•4 	7 3 19788 
C7(1) 2 22778 
07(3) 2 15254 
'Oi 	52 2 25420 
016(22) 3 30100 
C20( 	s) 3 25874 
3313(4) 4 25238 
OH 150 3 21073 
035( 	9) 3 35990 
L,36 , 23 3 22258 
Oifferences between clones not significant (P '>OOS) 
52 
similar general trend. 	For these clones there is a broad peak of 
leaf area at the middle region of the stem. 	This is not the case 
for Pentland Crown where there are two major peaks of leaf area at 
about node 3 and node 12 (Fig. 3-1). 	This double-peak of leaf area 
was seen in each of the three Pentland Crown plants (see Figs. 1-A-1 
to 1-A-3 in Appendix 1). 	For graphs showing the increase in ratios 
of dry weight per unit leaf area and of dry weight/fresh weight 
ratios up the stem there appears to be no difference between PDH 7 
and PDH 7 x 2 clones (Figs. 3-2 to 3-4). 
POH 52, like the POH 7 group of clones, shows an increase in 
leaf area up the stem to a broad peak in the middle region before 
decreasing towards the top (Fig. 3-5). 	This is in contrast to its 
chromosome-doubled derivatives which while having smaller leaf areas 
at the bottom and top of the stem have an irregular pattern of leaf 
area distribution in the middle (Figs. 3-6 to 3-8). 	This is shown 
more clearly in the plots of leaf areas at each node for individual 
plants in Appendix 1 (Figs. 1-A-16 to 1-A-22). 	The chromosome- 
doubled clones of POH 52 showed evidence of disturbance of leaf 
development compared with the original dihaploid. 	Frequently the 
terminal three leaflets - were fused, which was not the case for PDH 52. 
Often where this fusion had occurred there were distortions of the 
leaf surface. 	Internode length had a tendency to vary with leaf 
area and this is shown more clearly in the charts for individual 
plants of PDH 52 x 2 clones (Appendix 1 Figs. 1-A-16 to 1-A-22) than 
in the charts of clone means (Figs. 3-6 to 3-8). 	The association 
is not close enough to determine whether large internodes occur 
below or above large leaves. 
The graphs of mean leaf area (over three plants) per node for 
the chromosome-doubled derivatives of PDH 150 are 
o 	t 	% 	he 	0f13%.ftO.',. 	c 	o.ä( 	 to 3- 12'). The1 
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Fig. 3-2. 	Leaf Data; Growth Chamber 1979. 	Clone means for POH 
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Fig. 3-3. 	Leaf Data; Growth Chamber 1979. 	Clone means for C3(4)'. 
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show that one, C34(33) (Fig. 3-10), had two major peaks (i.e. where 
leaf area increases over several nodes followed by a decrease), 
similar to Pentland Crown. 	The graphs of leaf area per node for 
individual plants of PDH 150 (Appendix 1 Figs. 1-A-23 to 25) and 
its chromosome-doubled derivatives (Appendix 1 Figs. 1-A-26 to 1-A-33) 
showed that double major peaks of leaf area occurred in plants of 
both genotypes i.e. PDH 150, Appendix 1 Fig. 1-A-24 and PDH 150 x 2, 
Appendix 1 Fig. 1-A-26, 27 and 32. 	As for the other material, inter- 
node length followed a similar general trend to that of leaf area. 
The graph of mean leaf area per node for 8318(4) has two major 
peaks of leaf area (Fig. 3-13) but this is not representative of 
the shape of leaf area curves for individual plants (Appendix 1 
Figs. 1-A-34 to 36). 
As stated above these experiments were designed to identify 
differences between dihaploids, their chromosome-doubled derivatives 
and tetraploid parents. 	Differences in leaf areas of clones at 
individual nodes can be seen by comparing the charts of leaf area 
in Figures 3-1 to 3-13, but to test whether the differences are 
statistically significant, statistical analysis of leaf area data 
is required. 	The relationships between the clones being compared 
for leaf area per node may vary depending upon the stage of development 
of the plant. 	To examine differences between clones in the early 
stages of growth (i.e. when the seventh compound leaf was fully 
expanded) non-destructive leaf area measurements were carried out 
at compound leaf nodes one to seven on plants grown in the growth 
chamber (see Materials and Methods part 2c). 	Not all leaves at 
nodes one and two were present on all plants at the time of measurement 
and so only the measurements on leaves at nodes three to seven were 
included in the analysis. 	[lean areas of leaves at nodes three to 
to I 
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Flo. 3-11.. 	Lear Data; Growth Chamber 1979. 	Clone means for C35( 
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seven for each clone are represented in the bar chart, Figure 3-14. 
Clones are significantly different from each other (P< 005) if 
their bars do not overlap. 	The bar chart shows that, while Pentland 
Crown had larger leaves at these nodes than either PDH 7 or its 
chromosome-doubled derivatives the tetraploid derivatives had significantly 
larger leaves than the dihaploid. 	The mean leaf areas of PDH 52 and 
its chromosome-doubled derivatives were very similar to each other how-
ever though smaller than Pentlànd Crown's. 	The bars representing PDH 
150, its chromosome-doubled derivatives and parent, 8318(4), appear 
together indicating that differences in mean leaf area between clones 
were not significant. 
Compound leaves eight to sixteen of PDH 7 and PDH 52 were not 
significantly different in area, fresh and dry weight from those 
of their chromosome-doubled derivatives (Table 3-3). 	One chromo- 
some-doubled derivative of PDH 150, C34(33) was significantly smaller 
in leaf area and dry weight at these nodes than the original dihaploid 
but this was not the case for the other clones of the same genotype. 
Pentland Crown has larger leaves at these nodes than those of the 
dihaploids and chromosome-doubled dihaploids which were derived from 
the cultivar. 	mean leaf area of PDH 52 leaves at nodes eight to 
sixteen were also similar to the means for tits chromosome-doubled 
derivatives. 	Unlike the material derived from Pentland Crown, the 
dihaploid of 8318(4), PDH 150, and its tetraploid derivatives had 
similar mean leaf areas at nodes eight to sixteen to those of its 
tetraploid parent. 
The top ten leaves of the chromosome-doubled derivatives had higher, 
though not significantly higher, mean leaf area than their corresponding 
dihaploids (Table 3-4). 	However there were significant differences 
(P 001 )in mean dry weights of these leaves between the chromosome-doubled 
	
Fig. 3-14. 	Mean areas of leaves at nodes 3 to 7, growth chamber 19 
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.TABLE 3-3. 	Leaf charactersrneasuredat nodes 8 to 16 -on dthaploid 
- 	 and tetraplo'id plants grown in growth chamber 1979 
CLJNE 





ORY LLGHT () 
PENTL.0 CROUN 3295 1153 12 
PCH 7 2945 733+ 34 
C3( 	4.) 2522 853 112 
C7( 	1) 232:5 374 104 
PDH 52 272'1 377 105 
C15(23) 253'1 508 103 
015(31) 2374 373 112 
22( 	1) 2343 306 113 
3313(4) 310•7 1303 141 
P0 	150 377.3 962 182 
C34(33) 236.1' 333 137z. 
C35( 	3) 375.9 1259 193 
C36(23) 344.5 19Q 173 







Fresh lilt 	(g) 
lop 10 Lues 
flan F. Wt 	() 
Top 10 Lves 
an 0r 	wt (g) 
ø'Iean lea f area 
of 
lop 11) Lues (cm2) 
Roots 
Fresh Ut. (me) 
P€NTLAIIJ CHCIjd 54-0 18-7 20-9 11-5 1-13 387-6 710 
l 7 56-3 23-7s 17-2 6-4 1-04 286-0 533 
PUN 7 a 2 52-0 18-9 17-5 79 1-10 307-9 859 
1U4 52 48-7 21.3* 14-0 7.1* 0-92" 265-6 847 
PUll 52 a 2 56-1 18-9 14-9 9-5 1-10 304-2 414 
8318(4) 66-3 17-7 25-5 11-3 1-24 362-1 1680 
PUN 150 73•7 24-7*' 17-6 6-2" 1-04w' 293-8 367 
PUN 150 	2 76-3 20-4 20-5 8-3 1 .4 316-6 549 
Root, 









TROLL 3-4. 	Data from plants raised in growth chamber, 1979 ((leans per plants) 
Figures for dihaploids marked with asterisks are significantly different from comparable figures for 
their chromosome-doubled derivatives * p 0-05, 94 p 0-01, *1* p < 0-001. 
derivatives of PDH 52 and PDH 52 and the tetraploid derivatives of PDH 
150 and PDH 150. 	In each case the tetraploid leaves had higher dry weights. 
Also given in Table 3-4 are measurements and weights of other plant 
parts following harvesting of material from the first growth chamber 
experiment. 	Although plant heights of dihaploids, chromosome- 
doubled derivatives and parents were not significantly different 
from each other there were significant differences between the chromo-
some-doubled derivatives and their corresponding dihaploids in number 
of internodes per stem. 
Mean total leaf areas per plant for each of the clones in the 
first growth chamber experiment are presented in Table 3-5. 
Pentland Crown had a significantly higher leaf area than its 
dihaploids PDH 7 and PDH 52 and their tetraploid derivatives (P 4 005). 
There were no significant differences between the chromosome-doubled 
derivatives of PDH 7 and PDH 52 and the dihaploids. There were no significant 
differences between 8318(4) its dihaploid PDH 150 and its chromosome- 
doubled dihaploid clones. 
Figure 3-15 presents bar charts of oven-dry matter yields of 
plants from the second growth chamber experiment for the PDH 7 group 
of related genotypes. 	The total dry matter yield relationship between 
clones is similar to that shown for tuber yields of field-grown 
material in Section 2 (although PDH 7 just fails to be significantly 
lower yielding than Pentland Crown in the growth chamber experiment). 
Figures 3-16 and 3-17 also show the tetraploid parents of the 
dihaploids PDH 52 and PDH 150 respectively have higher mean shoot, 
root and total dry matter yields than the dihaploids and their chromo-
some-doubled derivatives but not significantly higher (P_>0-05). Also 
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Fig. 3-15. 	Oven-dry Matter Yields per plant, Growth Chamber 19E 
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Fig. 3-17. 	Oven-dry flatter Yields per plant, Growth Chamber 19E 
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to those of the original dihaploids. 
Studies on mesophyll palisade cells 
These were carried out to determine whether there were 
differences between dihaploids, their tetraploid derivatives and 
parents in the most important photosynthetic tissue, the mesophyll. 
Palisade cells were chosen for study rather than spongy parenchyma 
because they are regular and cell dimensions were to be measured. 
Material from compound leaf six of plants grown in the first growth 
chamber experimert was fixed and macerated as described in Materials 
and Methods part 2d. 	Chioroplast counts were made for 80 to 110 
cells from three to five plants per genotype and cell length and 
breadth across the centre of each cell measured. 
The results are summarised in Table 3-6. 	There were significant 
differences between the chromosome-doubled derivatives and the dihaploids 
for chloro,1ast number and cell dimensions (P' 005). 	The mean 
chioroplast counts per cell of the dihaploids PDH 7 and PDH 52 were 
significantly different from that of their parent Pentland Crown. 
Those of the chromosome-doubled derivatives of PDH 7 and PDH 52 were 
not significantly different from each other. 	The difference between 
the mean chioroplast number of PDH 150 cells however was not significantly 
different from that of its parent, 8318(4). 	Doubled dihaploids there- 
fore had higher mean chloroplast numbers per cell and larger cells than 
the original dihaploids. 	The mean chioroplast numbers per cell and 
mean cell sizes (length x breadth) of chromosome-doubled dihaploids 
- and the tetraploid parents of the dihaploids were similar. There was 
a significant correlation between chioroplast number and cell length x 
breadth (P 005). 
Histograms were drawn to. illustrate the frequency distributions 
TABLE - 3-6. 	Table of means for variates measured on palisade mesophyl1cells 
VRiTE 0H 7 -1 	7 	x 	2 01 52 	POH 52 x 2  
PENTLAIND 
OCIH 150 ON 150 x 2 8319(4) 
CELL LENGTH 203 297' 13'1 	1 25.5* 293 16 228 235 
CELL BREADTH 75 3.4 5.7 	3.1* 109 71 	1 f 	7.5 
LENGTH x 5RE0TH 153.3 273.5* 1310 	25.52 3210 122•3 220.5* 193•0 
CHL0RQPLST No. 437 92.5* 43.3 74.01  8I5 311 52Q' 
Regression coefficient between cell length x breadth and chiorolast number = 4.02937 
(significant o 003) 	Regression accounts for 782% of variance. 
*Chromosome doubled dihaoloid significantly different from original dihaploid (p . a•os) 
Cell dier.sions giver in g:aticule units. 	1 •grsticula Ajt 	2957 x 10_ 	vn. 
of chioroplast numbers per palisade cell for compound leaf six of 
each genotype. 	Figures 3-18 and 3-19 show that the ranges and 
distributions for chloroplast numbers were similar for POH 7 and 
PDH 52. 	Those for PDH 7 x 2 and POH 52 x 2 were also similar. 
There are differences however in the ratios of dihaploid to doubled 
dihaploid mean chloroplast numbers per cell between PDH 7 and PDH 52. 
For PDH 7 : PDH 7 x 2 it is 1:1-89 and for POH 52 : PDH 52 x 2 it 
is 1:159. 
For PDH 150 and its chromosome-doubled derivatives the ratio 
between their mean chloroplast numbers per cell is 1:199. 	The 
histograms of chloroplast count distributions for PDH 150, its chromo-
some-doubled derivatives and parent, 8318(4) are given in Figure 
3-20. 
Iflesophyll contains endopolyploid cells and, according to 
Butterfass (1975), the predominant endopolyploid status is twice 
meristematic cell ploidy in diploid crop plants. 	If this also 
applied to polyploid crop plants such as the potato, the predominant 
endopolyploid status of mesophyll cells would be 4x for dihaploids 
and 8x for tetraploids. 	None of the frequency distributions in 
Figures 3-18 and 3-20 show multimodality which might have been 
expected in view of the presumed presence of mixtures of cells of 
different ploidies. 	The reason for this however, may be that the 
mixtures are made up of overlapping distributions, each approximating 
to normal. 	Based upon the data collected it was decided to construct 
theoretical models of chioroplast number frequency distributions 
to see which fitted each observed distribution best. 	The following 
assumptions were made in the construction of the models:- 
1. Cells with twice meristematic ploidy predominate in the 
mesophyll palisade (i.e. for dihaploids 4x predominates 
79 
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and for tetraploids Ox predominates). 
Apart from those with twice embryonic ploidy, the largest 
ploidy categories represented are those of meristematic 
ploidy and four times meristematic ploidy whose proportions 
are equal. 	All other types were ignored. 
The ratio between proportions of cells of meristematic 
ploidy and those of twice meristematic ploidy was simple 
(and equal to that between cells of twice and cells of 
four times meristematic ploidy). 
Ratios of mean chloroplast numbers between cells of one 
ploidy and cells of twice that ploidy were within the 
range 1:16 to 1:20 (which was the range of ratios between 
an observed dihaploid mean and that of its tetraploid 
derivatives; see Table 3-6). 
Standard deviations of means were a simple fraction of 
the mean which was constant for all the three ploidy groups 
within a plants mesophyll. 
Within the same ploidy group, means were considered to 
be the same in closely related clones i.e. the same in 
PDH 7, PDH 7 x 2, PDH 52, POH 52 x 2 and Pentland Crown 
and other values in PDH 150, PDH 150 x 2 and 8318(4). 
Assumption 6 was based upon the knowledge that genetic 
differences within a species can result in differences in cell 
chloroplast numbers (Butterfass, 1979). 
Three types of theoretical frequency distribution, models were 
constructed with each set of ploidy group means and standard 
deviations using tables of the Normal distribution function. 	The 
three types were those made up of mixtures 1:2:1, 1:4:1 and 1:6:1 
respectively of the three ploidy groups. 	The histograms were 
compared with the histograms of the observed data. 	Differences in 
cumulative frequencies of chloroplast numbers in the histogram classes 
of observed and model distributions were calculated. 	Where it was 
apparent that the largest difference in . cumulative frequencies could 
be reduced, other models were fitted. 	Data for the construction of 
the best-fit models for each clone are given in Table 3-7. 
Obtaining differences in cumulative frequencies between observed 
and expected distributions was used as a test of goodness of fit. 
This was based on the Smirnov test (Conover, 1971) for testing of 
differences between two observed distribution frequencies and for 
which the number of observations in both distributions needs to be 
known. 	For the theoretical model there is no such number. 	However 
for differences between two distributions to be significant (P 	0D5) 
in the Smirnov test the largest difference in cumulative frequencies 
is greater than 04. 	The largest difference in cumulative 
frequencies between the observed and theoretical distributions of 
chioroplast number per palisade cell is given for each clone in 
Table 3-7. 	The theoretical models and the observed distributions 
are given for each clone in Figures 3-21 to 3-28. 
Histograms showing the frequency distribution of palisade cell 
length x breadth are presented for the dihaploids, their chromosome-
doubled derivatives and tetraploid parents (Figs. 3-29 to 3-31). 
Their shapes are similar to those for chloroplast numbers per cell 
except in the case of chromosome-doubled PDH. 7 which lacks the long 
right-hand tail of the chioroplast number histogram. 
Plots of cell length x breadth (cell area)/chloroplast number 
against cell area showed that for all genotypes the amount of cell 
space per chloroplast increased with increasing cell area (Figs. 3-32 
to 3-34). 	The group of 8318(4) related genotypes had steeper 
MI 
TABLE 3-7. 	




rho. - iLij. - 
Standard deviation(f) 
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between cm1at ice 
observed & expected 
frequencies 
2* 4* 8* 16* (appro*) 2* 4* 5* 16* 4 */2* / * 4* / * 8* 
P(NILANO CRCLti - 50 85 150 6 - 8 14 25 - 17 15 1:6:1 010 
iIJI 7 30 SI) 85 - 6 5 II 14 - 1•7 17 - 1:4:1 017 
Pth 7 * 2 - 50 55 150 5 - 111 17 30 - 1•7 1•8 1:6:1 009 
PW 52 30 50 85 - 6 5 8 14 - 17 17 - 1:6:1 021 
112 x 2 51) 85 151) 6 - 8 14 25 17 18 1:2:1 014 
8318(4) - 36 58 93 6 - 6 10 16 - 1•6 1.5 1:2:1 011 
408 i 5 23 
36 E58 - 5 5 7 12 - 1•6 1•6 - 1:4:1 (J16 k)1 1541 * 2 - 36 93 5 - 7 12 19 - 16 16 1:6:1 007 
Fig. 3-21. 	POH 7 observed and theoretical frequency distribution 
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Fig. 3-22. 	POH 7 x 2 observed and theoretical frequency distribution!  
of chioroplast numbers per palisade cell. 
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Fig. 3-23. 	POH 52 observed and theoretical frequency distributions 
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Fig. 3-24. 	P014 52 x.2 observed and theoretical frequency distribution 
of chioroplast numbers per palisade cell. 
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Fig. . 3-25. 	Pentland Crown observed and theoretical frequency 
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gradients for these plots than the Pentland Crown related genotypes 
(i.e. compare Fig. 3-34 with Figs. 3-32 and 3-33). 
Unlike in the field experiments described in Section 2 no 
significant differences were found between clones in rate of photo-
synthesis per unit leaf area in growth chamber and glasshouse-grown 
plants. 	In view of the constancy of light intensity and temperature 
in the growth chamber this was surprising. 	The glasshouse 
experiments showed that Pentland Crown had the highest rate of photo-
synthesis of its related group of genotypes i.e. PDH 7, PDH 52 and 
their chromosome-doubled derivatives. 	This agrees with the results 
obtained from the field experiments with Pentland Crown, PDH 7 and 
its chromosome-doubled derivatives. 
The inability to repeat the field experiment results of Section 
2 using the same material in the growth chamber may have been 
because light intensity in the growth chamber was lower than in the 
field. 	Possibly the differences between genotypes only become 
apparent at a higher light intensity than that used in the growth 
chamber. 	This would explain why the measurements in the glasshouse 
showed Pentland Crown to have a higher rate of photosynthesis than 
plants of its related genotypes, as shown by the field experiments. 
The patterns of leaf area per node were similar for PDH 7 and 
its chromosome-doubled derivatives. 	The chromosome-doubled 
derivatives of PDH 52 however showed much fluctuation in leaf area 
with increasing node number unlike the original dihaploid. 	Doubled 
dihaploids of PDH 52 possessed some leaves with fused leaflets, 
usually the terminal three, and this phenomenon may have reduced the 
measureable leaf area where it occurred. 	This would not explain the 
fluctuations in internode length in these plants, however, which 
fluctuated to approximately the same degree as leaf area. 
Individual leaf areas of PDH 150, its chromosome-doubled derivatives 
and parent 8318(4) generally attained higher maxima than those of the 
Pentland Crown dihaploids and their tetraploid derivatives. 
Although there were no significant differences between 
the chromosome-doubled derivatives and dihaploids for total plant 
leaf area, doubled PDH 7 had significantly larger leaves than the original 
dihaploid at nodes three to seven. The tetraploid derivatives of PDH 52 
and PDH 150 had significantly higher leaf dry weights for their top ten 
leaves than the dihaploids. 	The tetraploids had higher mean leaf 
areas than their corresponding dihaploids for their top ten leaves. 
On the other hand, the tetraploids had significantly fewer leaves 
than the dihaploids. 
As shown for tuber fresh weight yield from the field experiments 
of Section 1 the shoot and root dry weight yields of doubled PDH 7 were 
similar to those of the original dihaploid while those of Pentland 
Crown were higher. 	There were no differences between the root 
and shoot dry weight yields of doubled PDH 52 and PDH 150 and 
their corresponding dihaploids. 
The results of the experiments described here and in Section 1 
therefore show there is no evidence of differences in yield of plant 
material, total plant leaf area and rate of photosynthesis per unit 
leaf area between chromosome-doubled derivatives and dihaploids. 
Although there were differences in leaf sizes or leaf weights these 
were compensated by differences in numbers of leaves per plant so that 
dihaploids and their chromosome-doubled derivatives had similar 
amounts of foliage. 
More evidence of compensatory differences between doubled dihaploids 
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and the original dihaploids is shown by the study of chioroplast 
numbers per palisade cell and cell sizes. 	Chromosome-doubled 
dihaploids have more chloroplasts per cell than the original dihaploid 
but have larger cells and probably therefore fewer per unit leaf area. 
The ratio between dihaploid and doubled-dihaploid chloroplast 
numbers in palisade cells (mean 1:180) is similar to that for chiord-
plast numbers in stomatal guard cells (mean 1:1-81) as shown in 
Section 1. 	It is possible that the number of chloroplasts per unit 
leaf area is a factor in determining the rate of photosynthesis per 
unit leaf area. 	Butterfass (1975) has suggested however that photo- 
synthetic efficiency is probably determined by the endopolyploid status 
of mesophyll cells. 	If, as he suggests, the optimum endopolyploid 
status is double meristematic ploidy then, in the case of tetraploid 
potato the higher the proportion of octoploid cells the higher would 
be the rate of photsynthesis and yield of plant material. 	The best- 
fit theoretical model for Pentland Crown .was found to be that which 
had the highest proportion of octoploid cells, given the assumptions 
used in the calculations. 	The best-fit models for the chromosome- 
doubled dihaploids of Pentland Crown had lower proportions of such 
cells. 	Pentland Crown's higher rate of photosynthesis and yield compared 
with its chromosome-doubled dihaploids is possibly due therefore to 
the cultivar having a higher proportion of mesophyll cells of optimum 
endopolyploid status. 
The similarity of the rates of photosynthesis and yield of the 
dihaploids of Pentland Crown to those of their tetraploid derivatives 
shows that an endopolyploid status of 8x for mesophyll cells of potato 
is probably not optimal however. 	most mesophyll cells of the 
dihaploids will be tetraploid yet their rate of photosynthesis and 
yield of plant material are similar to those of their tetraploid 
\02 
derivatives. 	Possibly octoploidy is the optimal endopolyploid number 
for mesophyll of tetraploid potatoes only. 
The best-fit theoretical models of palisade endopolyploidy for 
8318(4) show that this clone probably has a lower proportion of octo-
ploid cells than Pentland Crown. 	The tetraploid derivative of its 
dihaploid, PDH 150, however has the same proportion as Pentland 
Crown. 	The chioroplast numbers for cells of the same ploidy are 
probably lower for the genotypes related to 8318(4) than for those 
related to Pentland Crown. 	Also the chloroplasts of Pentland Crown, 
its dihaploids and their chromosome-doubled derivatives each occupy 
less cell space than chloroplasts of 8318(4) and its related genotypes 
for cells of similar size. 	Whether this was due to differences in 
chioroplast size was not tested in the experiments in this section. 
The findings of this section have been that yields of plant 
material and probably rate of photosynthesis per unit leaf area were 
unaffected by the chromosome doubling of dihaploids as was seen in 
Section 2. 	Total plant leaf area was also unaffected although there 
were self compensatory effects of chromosome doubling on the 
components of leaf area. 	In Section 4 the effects of chromosome 
doubling on leaves is re-examined to ascertain whether changes occur 
in the components which determine individual leaf areas i.e. leaflet 
number and mean leaflet size. 	Also, to see if the larger cell 
sizes due to chromosome doubling of dihaploids resulted in fewer cells 
per unit leaf area, numbers of cells per unit leaf area are compared 
between genotypes in experiments reported in Section 4. 
Genotypes related to Pentland Crown had more chioroplasts per 
cell than the genotypes related to 8318(4), for cells of similar size. 
This may have been due to differences in chloroplast sizes. 	In 
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Section 4 comparisons of chioroplast sizes between genotypes are 
reported. 
So far, the experiments conducted have been on plants raised 
without nutrient or water definciency. 	They have not revealed 
differences between chromosome-doubled derivatives and dihaploids 
in rate of photosynthesis or yield of plant material. 	If nutrients 
and moisture were restricted, differential reactions of dihaploids and 
tetraploids to stress, in photosynthetic rate and yield, may be shown. 
This would indicate how a change in ploidy status affected these important 
charactrs in cases of drought and low nutrient status. 	Experiments 
on plants subjected to different fertiliser levels and water availa-
bility are therefore also described in the next section. 
OLt 
Results Section 4. 	The effects of nutrient and moisture stress on 
rate of photosynthesis, yield and foliage development in dihaploids, 
their chromosome-doubled derivatives and tetraploid parents and further 
observations on leaf histology. 
The experiments described so far have shown that under field 
conditions and in the growth chamber and glasshouse there were no 
differences between the chromosome-doubled derivatives of PDH 7 and PDH 7 
with respect to rate of photosynthesis per unit leaf area, total leaf 
area per plant and yield of plant material. Indeed, no significant 
differences were found between the rates of photosynthesis and yields 
of plant material of other dihaploids and their chromosome-doubled 
derivatives (Results Section 3). 	However, there were differences 	in 
the ways in which total plant leaf area was produced, the tetraploids 
having fewer leaves, some of which were larger than those of their 
corresponding dihaploids. 
The experiments described in this section were designed to deter-
mine whether rate of photosynthesis and tuber yield were affected by 
nutrient and moisture stress acting on PDH 7 and its chromosome-
doubled derivatives and parent, Pentland Crown, in the field to see 
if there were differences in their reactions. 	The effects of nutrient 
stress on tuber yield and foliage development of dihaploids, their 
chromosome-doubled derivatives and parents were also observed in 
glasshouse-grown plants. 
In the previous experiments differences were observed in the 
mean number of chloroplasts per mesophyll palisade cell and in mean 
cell size between the chromosome-doubled derivatives of PDH 7 and PDH 7 
(Results Section 3). 	As chromosome-doubled PDH 7 had larger cells 
on average than PDH 7 the number of chromosome-doubled PDH 7 cells 
los 
per unit leaf area would be expected to be lower. 	While chloroplast 
numbers per cell and cell sizes have been compared already, in the 
experiments of Section 3, cell numbers per unit leaf area have not. 
In addition to comparing the reactions of clones to stress conditions 
therefore comparisons were made of cell numbers per unit leaf area 
by counting the number of palisade cells per unit length of leaf 
transverse section. 	Numbers of stomata per unit leaf area were also 
counted as this could also affect rate of photosynthesis by deter- 
mining rates of gaseous exchange. 	Also in the experiments to observe 
the effects of nutrient stress in glasshouse-grown plants leaf 
development was observed to further examine differences in the 
production of foliage between dihaploids, their chromosome-doubled 
derivatives and parents. 
Effects of moisture and nutrient stress in the field 
Plants were grown in plastic sacks of soil situated in the 
field as described in Materials and Methods part 2a. 	The following 
treatments were used:- +nutrients +water, +nutrients -water, 
-nutrients +water, -nutrients -water. 
The mean rates of photosynthesis per unit leaf area, tuber 
yield per plant, mean tuber weight and mean tuber number per plant 
are given for each genotype/treatment combination in Table 4-1. 
There were no significant differences between genotypes in any of the 
characters measured. 	Pentland Crown however had the highest mean 
rate of photosynthesis, tuber yield and mean tuber weight. 	For all 
three genotypes the rate of photosynthesis and mean tuber weight 
were lowest for the treatment '+nutrients -water', lower than for 
'-nutrients -water'. 	There was compensation for this low mean 
tuber weight by a higher number of tubers per plant (second only to 
Table 4-1. 	Mean values of four variables measured on three genotypes 
subjected to moisture and nutrient stress in the field. 
TREATMENT  
-Nutrients -Nutrients -Nutrients means GENOTYPES VAPIABI.E .-Water -Water Water,  
.-Nutrients 
+Water (over all 
treatment 
Phct35ynth (CP) 85531 30492 75429 84120 62893 
- P. CRCj 
Yield 	(g) 793 1340 420 1720 1068 
Mo. 	Tuoers 6-00 1 4 - 33 5•57 15-67 10-42 
Mean Tuber Wt. 102-8 93-2 75.9 110-5 95.5 
Photosynth (CPn) 53253 3470 75258 78296 52959 
POH7 
Yield (g) 487 433 667 1420 752 
No. 	Tubers .5-33 17-33 8-57 23-57 13.75 
Mean Tuoer wt. 82-5 25-5 83-3 51=5 53-8 
Photosyntr, (CAM) 62131 2290 70050 72841 51825 
P011 
Yield () 377 860 567 1723 882 7 x 2 
NO. 	Tubers 5-50 14-50 1 	6-50 18-57 11-29 
Mean Tuoer Wt. 70-7 50-7 I 	993 95-1 79-2 
- 
Treatment 
PhOtoSyrth (CAM) 65762 9630 t 73097 :77024 
Means Yield () 508 873 555 1547 (Over all 
Genotypes) Na. Tubers 5-58 15.17*5 5-83 19-17's 
Mean Tuber Ut. 81-7 601 850 91.1 
* 	Treatment mean significantly higher than the others (P <.0-0 , ) 
as Treatment means for tuber number so marked are not significantly 
different from each other but differ significantly from the 
unmarked mean tuber numbers (P e,  0.01) 
Treatment mean significantly lower than tre others (P-< 0-01) 
the tuber numbers of '+nutrient i-water' plants). 	The presence of 
nutrients at the early stages of growth before moisture was restricted 
therefore probably resulted in luxuriant growth which was more adversely 
affected by moisture stress than in plants which grew slowly and 
poorly with no added nutrients. 	The photosynthetic rate and tuber 
yield of Pentland Crown was less adversely affected by moisture stress 
than PDH 7 or its chromosome-doubled derivatives. 
Effects of three feriliser levels on tuber yield 
Three fertiliser treatments were used on plants grown in the 
glasshouse. 	Experiments, conducted on plants grown in containers 	as 
described in Section 3 for material grown in the growth chamber and 
glasshouse and in this section for material grown in the field (above), 
have not shown there were significant differences between genotypes 
in rate of photosynthesis and tuber yield. 	It was concluded that 
the containers had probably restricted root development and tuber 
growth and that this caused increased variation in the measurements 
taken. 	This suggested that the size of the plant containers used 
in further experiments should be reconsidered. 	Plants kept to a 
single stem were grown in pots 10 cm in diameter in the experiments 
described in Section 3.- Plants not restricted in their shoot growth 
were grown in large polythene sacks for the experiments in the field 
described in this section (above). 	For the glasshouse fertiliser 
experiments therefore plants were restricted to a single stem as in 
the Section 3 experiments but grown in larger pots, 19 cm in diameter. 
There was no evidence of differential effects of nutrient status 
on the chromosome-doubled derivatives of PDH7andPDH 7when grown in 
presence or absence of nutrientsin the fieldas described above. 	In the 
glasshouse experiments three fertiliser treatments were used:- 
zero (v), half John Innes No. 2 fertiliser () and full amount of 312 
restiliser (1) (see Materials and Methods part 2a for details). In 
addition two more dihaploids, (PDH 52 and PDH 150) their chromosome-
doubled derivatives and an additional parent (6318(4)) were included. 
The mean tuber yields per plant over all three fertiliser treat-
ments are given along with their 95% confidence intervals in Fig. 4-1. 
Pentland Crown was significantly higher yielding than its dihaploids, 
PDH 7 and PDH 52, and their chromosome-doubled derivatives. 	8318(4) 
was also significantly higher yielding than its dihaploid, PDH 150, 
and chromosome-doubled derivatives. 	There were no significant 
differences for tuber yield however between tetraploids and their 
corresponding dihaploids. 	The pattern of means was the same for 
mean tuber weight although not for tuber number where there were no 
significant differences between clones (Fig. 4-2). 	Mean tuber weight 
therefore was the more important component which determined differences 
in tuber yields in this material. 
Figures 4-3 and 4-4 give the mean yields of each genotype for 
each fertiliser treatment. 	Again there were no significant differences 
between tetraploids and corresponding dihaploids for any fertiliser 
treatment. 	The tetraploid parents of the dihaploids, Pentland Crown 
and 8318(4), showed significant yield differences between all three fertiliser 
treatments. While all dihaploids and chromosome-doubled derivatives showed 
an increase (usually statistically significant P' 005) in going from 'zero' 
to 'half' fertiliser level there were no further increases in yield in 
going from 'half' to 'full' fertiliser level. 	The parental genotypes, 
Pentland Crown and 8318(4), with 'zero' fertiliser had yields which 
were similar to those of the other genotypes. 	At the 'half' 
fertiliser level however they yielded more highly than the other 
Fig. 4-1. 	Bar chart of tuber yields per plant over three fertiliser treatments. 
Pot grown in the glasshouse. 	(Bars = 95 Confidence Intervals) 
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Fig. 4-2. 	Bar chart of mean tuber numbers per plant and mean tuber weight 
for material grown in pots in the glasshouse of three fertiliser 
levels. 	(Bars = 95 Confidence Intervals) 
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Fig. 4-3. 	
Bar chart of tuber yields per plant with three fertiliser treatments to show 
clone x fertiliser inteactioP effects on Pentland Crown related genotypes. 
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genotypes, even when the latter were at the 'full' fertiliser level. 
Effects of three fertiliser levels on leaf morphology 
The number of leaf parts (i.e. leaflets, including lobes of 
fused leaf parts) were counted for each leaf of plants grown in the 
glasshouse at three fertiliser levels. 	The number generally 
increased at successive nodes up the plant stem to a peak at the 
middle of the plant and then levelled off or declined. 	(See Figs. 
4-5 to 4-8 for genotype means and Figs. 2-A-1 to 2-I-24 for individual 
plant figures in Appendix 2). 	This is similar to the progression 
of leaf area and to a lesser extent internode length shown in the 
experiments described in Section 3. 
Figure 4-5 shows the plots of mean leaf part number at each 
node for the three fertiliser treatments in the heterozygous 
tetraploids, Pentland Crown and 8318(4). 	For both genotypes leaf 
part number rose rapidly to a broad peak before trailing off. 	The 
figures for the Pentland Crown dihaploids, PDH 7 and PDH 52, and 
their chromosome-doubled derivatives show a slower increase in leaf 
part number to a shallower peak (Figs. 4-6 and 4-7). 	The figures 
for the 8318(4) dihaploid, PDH 150, and doubled PDH 150 on the other 
hand show a steep rise - in leaf part number per node from lowest to 
middle nodes (Fig. 4-8), resembling those of the parent, 8318(4). 
Counts of leaf parts per node were complete for all three 
fertiliser treatments up to node 12 for all genotypes. 	Fig. 4-9 
gives the bar chart illustrating the relationship between genotypes 
for mean leaf part number per node over 12 nodes and three fertiliser 
treatments. 	It shows all three possible relationships between tetraploids 
and their corresponding dihaploids i.e. 1. leaf part number per 









Fig. 4-6.. 	Mean.number of leaf parts per node at three fertiliser levels'.,  
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dihaploid (e.g. P011 7). 	2. leaf part number per node increased on 
chromosome doubling (e.g. PDH 52). 	3. leaf part number decreased 
on chromosome doubling (e.g. PDH 150). 
As expected from the diagrams illustrating leaf part number 
per node, Pentland Crown had a higher mean than its dihaploids and. 
chromosome-doubled derivatives. 	PDH 150 however had a mean similar 
to that of its parent 8318(4). 
The effects of fertiliser level on mean leaf part number per 
node for each genotype are evident from Figs. 4-5 to 4-8 and Figs. 
2-A-1 to 2-A-24 of Appendix 2 i.e. an increase .in fertiliser level 
generally resulted in increased leaf part number per node and also 
in more nodes. 	These effects are summarised for leaf part numbers 
at the first 12 nodes in the bar chart Fig. 4.-10. 	Whereas the mean 
leaf part number per node increased with each increase in fertiliser 
level for the dihaploids and their chromosome-doubled derivatives 
(except in the case of chromosome-doubled PDH 150), Pentland Crown 
and 8318(4) showed an increase from 'zero' to 'half' but not from 
'half' to 'full' fertiliser level. 
Figure 4-11 shows that the mean leaf part number per node for 
all genotypes were similar at the lower nodes but differences 
between clones increased with successive nodes up the stem. 	At node 
12 the Pentland Crown dihaploids and their tetraploid derivatives 
remained together in one group having a small number of leaf parts. 
Pentland Crown was associated with the 8318(4) dihaploid PDH 150 and 
its tetraploid derivatives while 8318(4) at node 12 had a significantly 
higher number of leaf parts than the other genotypes. 
The effects of each fertiliser treatment on leaf part number 
up to node 1 are shown in Fig. 4-12. 	Differences between treatments 
ME 
Fig. 4-1&. 	Bag charts of mean leaf part numbers per node and 95% confidenc 
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over 12 nodes. 	 - 
• _____ L' 
92 
99s 5 2 
pcw - Z 
PoH- 
L 
I 	2 	 3• 	4 	S 	5 	7 
Number of leaf parts 




• ________ I 
Nuffiber of leaf oarts 	• 
121 
4-11. 	Bar chart of mean leaf part numbers per node over three fertiliser levels for each yenotyp (95 confidence 
intervals fitted) showing differences in genotype x node jnteraction effects. 	Genotype groups sjQnifiCfltlY 
cifferent from each other are identifipd..  
I 	III 	I II 	I-P-  





fHH HH 	II 
8 	
E1 	 H 
SI- 	 . _1111_I1IU_I_II_I 
 
Group 	 Genotypes 
III_1111_I_II_I_I_-I PDH 52, PDH 7 x 2, PDH 52 x 2, PDH 7
Cr 
(-H 	
B 	PDH 150 x 2, Crown, PDH 150 
C 8318(4) 
0 	PDH 52 
E PDH 7 x 2, PDH 7, PDH 52 x 2 
- II_H_HI_II_I 	 F 	PDH 150 x 2, Crown, 8318(4), PDH 150 
G PDH 150, PDH 150 x 2 
I 	 I 	 I 	 I 	
I 	 I 	 I 	 I 
6 12 14 
16 18 	20 
Nuner of Leaf parts 
Fig. 4-12. 	
Bar chart of mean Leaf part numbers per node over 8 genotypes for each fertiliser level (zero = 0. 
half = 	
and full = 1) showing node x fertiliser interaction effects at first 12 nodes95.COnfideflce 
ntevvals e 
fittedand trtmntS re identified where ignificnt differences occur between them. 
12 
11 ' - 	 I_I I_ 1 II_I 
Ia-  
0 
8- 	 I_II_II 
8 	 II_IIII 
I_I_II_I_I 
NUOL 
6- 	 II_I_II_I 
5- 	 I-il_I_II 
H-Il 
- 
2 - Il 	I -ti 
0_I ,  
0 	 2 	 4 	 6 	8 	10 	
12 	 14 	 16 
Number of leaf parts 
were shown by differences in leaf part number at the higher nodes. 
'Full' fertiliser treatment only began to significantly increase leaf 
part number, above that determined by the 'zero' and 'half' levels, 
at node eight. 
Further comparison of the effects of 'half' and 'full' fertiliser 
levels on leaf part number was possible using data from nodes 13 to 
20 in addition to those from the first 12 nodes. 	Figure 4-13 is the 
bar chart of mean leaf part numbers at those nodes for each genotype. 
Fig. 4-14 iL'.ustrates the effects of fertiliser level on leaf part number 
at nodes 13 to 20. 	It shows that differences in leaf part number 
between fertiliser levels did not increase above node 13. 
Plants of the same genotypes were also grown in the glasshouse, 
in compost containing the full amount of John Innes No. 2 fertiliser. 
Combining the data from plants grown at 'full' fertiliser level in both 
plantings confirmed that P0K 7 resembled doubled PDH 7 in leaf part 
number per node, POH 52 had fewer leaf parts per node than doubled 
P0K 52 and P0K 150 had more leaf parts than doubled POH 150 (Fig. 4-15). 
Tb significance of position of inflorescence insertion on leaf part 
number 
The diagrams illustrating leaf part number per node are given 
for each plant in Figs. 2-M-1 to 2-P-24 in Appendix 2. The position 
of inflorescence insertion on the stem is indicated by an arrow at the 
leaf node which was immediately above the inflorescence position. 
It can be seen that in most cases there was a drop in the leaf part 
number at the node above the inflorescence position or at the next 
highest node on the stem. 	Occasionally after flowering there was a 
levelling off of leaf part number during a general trend of increasing 
leaf part number (as in POH 7 x 2 plant I in Fig. 2.-1\-5). 	Only three 
t2. 
Fig. 4-13. 	Bar chart giving means and 95% confidence intervals (based on Q) 
of number of leaf parts per -node over 2 fertiliser treatments 
(half and full) and 20 nodes. 
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Fig. 4-14. 	Bar chart of mean leaf part numbers per node over 0 genotypes 
for each of two fertiliser levels (half = 2, full = 1) showing 
node x fertiliser interaction effects at nodes 13 to 20 (95% 
confidence intervals are fitted based on 
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Number of leaf parts per node 
occurrences of inflorescences do not coincide with a subsequent 
reduction or levelling off of the increase in leaf part number. 
These occur in two cases where leaf part number was increasing from a 
trough (PDH 150 x 2 F and C in Figs. 2-A-20 and 21) and only in the 
case of 8318(4) I (Fig. 2-A-24) did leaf part number continue on an 
increasing trend after inflorescence insertion. 
Incidence of flowering appeared to have the greatest effect on 
leaf part number in plants of Pentland Crown and 8318(4) at the 'full' 
fertiliser level '(Figs. 2-P-15 and 2-A-24). 	PDH 7 was a more prolific 
flowerer than doubled PDH 7 in this experiment. 	It was also the only 
genotype which had flowers on all plants at the 'zero' fertiliser 
level. 	There appeared to be no difference in the amount of flowering 
between the other dihaploids and their tetraploid derivatives. 	One 
plant of doubled PDH 52 at the 'full' fertiliser level had fused leaf- 
lets (Fig. 2-1\-12). 	Usually these were the terminal and two adjacent 
laterals but occasionally five distal leaflets were fused. 	Fused 
leaflets occurred when leaf part number increased above about 15 and 
ceased again when it fell below this in plant C. 
Relationships between individual leaf area, leaf part number and mean 
leaf part size 
The doubled dihaploids have been previously shown to have a smaller 
number of leaves per plant than the original dihaploids (Section 
3) whereas total plant leaf areas were similar. 	In parts of the 
plant doubled dihaploid leaves were found, in the experiments described 
in Section 3? to be larger in area or of higher dry weight than those of 
the dihaploids. 	Further differences between tetraploids and dihaploids 
probably occur in the way in which the areas of individual 
leaves are determined. 	As potatoes have compound leaves 
comprising several leaflets or lobes (i.e. leaf parts) genotypes 
probably vary as to whether it is the difference in the number of leaf 
parts or in the mean area (i.e. degree of expansion) of the leaf parts 
which is the more important determinant of differences in individual 
leaf areas. 
The relationships between leaf area, leaf part number and mean 
leaf part area are shown for nodes 6,8,10,12,14,15, 18 and 20 for 
Pentland Crown, its dihaploids and chromosome-doubled derivatives 
grown at 'full' fertiliser level (Fig. 4-16 to 4-22). 	8318(4), 
POH 150 and its chromosome-doubled derivatives had only senescent 
leaves at these nodes and so were omitted from the analysis. 	The 
data are summarised in table 4-2 which gives correlation coefficients 
between leaf area and its components for each genotype. 	In all geno- 
types leaf part number was highly correlated with leaf area when the 
latter was increasing. 	Pentland Crown leaf areas were determined 
by changes in number of leaf parts per node and mean leaf part area 
when leaf area was increasing (Figs. 4-15 to 18). 	When leaf area 
was decreasing however mean leaf part area was most important since 
leaf part number did not decrease. 	In the case of PDH 7 and doubled 
POH 7 mean leaf part area was highly correlated with leaf area when 
the latter was rising and was also correlated (i.e. r >o5) with it 
to a lesser degree irrespective of whether leaf area was rising. 
Leaf part number however was not correlated with leaf area throughout 
the plant. 	Figs. 4-19 and 4-20 show that leaf part number in PDH 7 
and its chromosome doubled derivatives increased even when leaf area 
was falling. 
As in PDH 7 and doubled PDH 7 the number of leaf parts was 
highly correlated with leaf area when the latter was increasing in 
POH 52 and PDH 52 x 2. 	Both the latter genotypes differed from the 
29 
Table 4-2. 	Correlation coefficients between leaf area and number 
of leaf parts and between leaf area and mean leaf part 
area for increasing leaf area and overall. 
GENOTYPE Leaf Area 	t 	Leaf 	
- - Comment Area r N 
No. Lf. 	Pts. 	Riing 0975 5 
P. CROWN Overall 0•189 8 
Leaf At. 	Area 	Rising 0994 5 
Overall 0536 8 
No. 	Lf. 	Pts. Rising 073 
20H7 
Overall 0•219 9 
Leaf Pt. 	Area Rising 0917 4 
Overall 0575 B 
No. 	Lf. 	Pts. Rising 0.96 4 
PDH 7 x 2 
Overall -0353 B 
Leaf Pt. Area Rising 0907 A 
Overall 0.784* 8 
No. 	Lf. 	Pts. Rising 0946 7 
POH 52 
Overall 0.913 8 
Leaf Pt. 	Area Rising 0321 7 
Overall 0174 - 	 8 
No. Lf. 	Pts. Rising 0.983 3 
POH 52* 2 Overall 0231 7 
Leaf Pt. Area Rising 0024 3 
Overall 0355 7 
ALL No. Lf. 	Pta. Overall O315 39 
GENOTYPES Leaf Pt. 	Area Overall O553 39 
Significant (P.< 0-05) 
3o 
Fig. 4-16. 	Pentland Crown leaf data 
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Fig. 4-17. 	Pentland Crown leaf data 
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Fig. 4-19. 	P0K 7 leaf data. 
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Fig. 4-20. 	P014 7 x 2 leaf data 
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Fig.. 4-22. 	P014 52 * 2 leaf data 
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former however in that mean leaf part area was not correlated 
(r<05) with leaf area when the latter was rising. 	Fig. 4-21 
shows that for PDH 52 mean leaf part area did not follow the 
trend of leaf area whereas the number of leaf parts showed a trend 
similar to that shown by leaf area. 	Fig. 4-22 shows that the 
determination of leaf area in doubled PDH 52 differed from that 
shown by PDH 52. 	When leaf area was increasing it was the number 
of leaf parts per node which was the most important component 
determining leaf area and differences in mean leaf part area were 
not important. 	When leaf area was decreasing however nearer the 
top of the plant it was the degree of expansion of the leaf parts, 
the number of which continued to increase which was the most 
important determinant of leaf area. 
Bar charts of mean leaf area per node and the components of 
leaf area at nodes 6,8,10,12,14,16,18 and 20 are presented in 
Fig. 4-23. 	They show that Pentland Crown had a significantly 
higher mean leaf area than its dihaploids and their tetraploid 
derivatives and had a higher number of leaf parts per node and 
a higher mean leaf part area. 	Differences between the dihaploids 
and their tetraploid derivatives were not significant for these 
characters at these nodes. 
Table 4-3 gives details of comparisons between dihaploids 
of Pentland Crown and their chromosome-doubled derivatives and 
between the doubled dihaploids and Pentland Crown for length/ 
breadth ratios of leaflets at nodes 6,8,10,12,14,16,18 and 
20 of plants grown at the 'full' fertiliser level. 	Length/ 
breadth ratios of the terminal leaflets were not significantly 
different between genotypes (P 	005). 
38 
Fig. 0-23. 	Bar charts of means with 95% confidence intervals (Q) for lea 
area and its components over nodes 6,8,10,12,14,16,18 and 20. 
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Table 4-3. 
Comparisons between pairs of related genotypes of mean length/breadth ratios of terminal and 
lateral leaf l e
ts over eight nodes. Plants were glasshouse grown with full J.I. 2 fertiliser 
GENIIEYPç I CLNU1YPE 2 - 	- - Significance 
A 	- e.s.d. L level  - 
L/ CODE 
23 1-52 P011 7 x 2 23 1-24 
0-28 0-429 065 NS 	P 	U05 
POI 7 
P011 7 23 1•81 Pull 7 x 2 23 
158 023 0U76 3-12 
" 	P 	0-01 
P011? x 2 23 1-24 CIOWN 18 
1-23 0-01 0-458 0-02 NS 	P> 0-05 
P011 7 x 2 23 1-58 CRLLS 18 1-5L) 
U-Q8 0-081 0•98 Nb 	P > 0-05 
P011 52 22 2-13 P011 52 x 2 12 
1-16 0-97 0-522 1-65 Nb 	P > 0-05 
P01152 22 1-84 P011 52 	2 12 
162 0-22 0-u93 2-35 
* 	P el U-OS 
P011 52 x 2 12 1-16 CI[LJN 18 
1-23 0-07 0-542 0-13 NS 	PO•O5 
P011 n2 x 2 12 1-62 1 	CHCLJN 18 1-5U 0-12 	1 (1-095 	1 1-24 NS 	











There were however significant differences between dihaploids and their 
chromosome-doubled derivatives in the length/breadth ratios of lateral 
leaflets. 	Differences between the doubled dihaploids and Pentland 
Crown were not significant. 	Figure 4-24 is a bar chart of the 
length/breadth ratios of lateral leaflets at each node and shows that 
the leaflets became narrower in going from the lower to higher nodes. 
Studies of leaf histology 
Lengths and breadths were measured of ten palisade cells from 
leaves at nodes 14, 16, 18 and 20 of two plants per genotype which 
were grown at the 'full' fertiliser level. 	Leaves of 8318(4), 
PDH 150 and its chromosome-doubled derivatives had senesced at these 
nodes at the time of sampling and so had to be omitted from the 
comparisons. 	As it was found, by the experiments of Section 3, that 
there was wide variation in cell sizes within leaves of any genotype 
it was decided that sampling should be from leaves of not less than 
one plant. 	In this way it was considered that the cell measurements 
obtained would be more representative of the genotype. 	As only one 
plant of chromosome-doubled PDH 52 had leaves remaining at all four 
nodes at the time of sampling this genotype was also omitted from the 
comparison of palisade-cell sizes. 	Figure 4-25 is a bar chart of 
the mean cell areas (length x breadth) at each node. 	Pentland Crown 
had the largest cells compared with those of PDH 7, chromosome-doubled 
PDH 7 and PDH 52 but they were only significantly larger at nodes 14, 
18 and 20. 	Doubled PDH 7 had significantly larger cells than the original 
dihaploid at node 14 only. 
The numbers of palisade cells per unit length of leaf transverse 
section were counted at six sites chosen at random on a series of 
sections (see Materials and Methods part 2d for details). 	As counts 
4-I 
Fig. 4-24. 	Bar chart of mean length/breadth ratios of lateral leaflets 
at eaight nodes of dihaploid and tetraploid plants.. 	Pet.- 
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Fig. 4-25. 	Bar chart to show genotype differences in mean area of palisade cells in leaves at 
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of numbers of palisade cells per length of leaf section were based 
upon samples taken from leaves of one plant only because of the time 
involved in preparation of the material for sectioning, chromosome-
doubled PDH 52 was included in the comparison. 	The bar chart 
summarising the results (Fig. 4-26) shows that doubled PDH 7 had signi-
ficantly fewer cells per section than the original dihaploid. 	There 
were no significant differences however between POH 52 and doubled 
PDH 52 (P> 005). 	Pentland Crown had a similar number of cells per 
length of section to that of chromosome-doubled PDH 7. 	mean cell 
numbers per section at each node showed an increase in cell number with 
increasing node number (Fig. 4-26). 
Counts of number of stomata per microscope field of view at five 
fields of view per leaf abaxial epidermis showed that PDH 7 x 2 had 
significantly fewer per unit leaf area than PDH 7 (see Table 4-4). 
The mean frequencies were based on observations of leaves from nodes 
14, 16, 18 and 20 of two plants per genotype. Figure 4-27A shows that 
number of stomata per unit leaf area increased from lower to higher 
nodes. 	The stomatal frequency of Pentland Crown was significantly 
lower than that of chromosome-doubled PDH 7 (see Table 4-4). There 
were no significant differences however between stomatal frequencies 
of PDH 52 and doubled PDH 52 nor between doubled PDH 52 and Pentland 
Crown. Significant differences between stomatal frequencies of geno- 
types occurred at all four nodes (Figure 4-278). 	most genotypes 
were significantly different from each other at nodes 18 and 20 but 
•PDH 52 was not significantly different from chromosome-doubled PDH 7. 
Whereas the stomatal frequency of Pentland Crown was approximately 
the same at all four nodes, the other genotypes and PDH 7 in 
particular, showed an increase in frequency up the nodes. 
4Jt- 
Fig. 4-26. 	Bar charts of number of palisade cells in leaf sections of 
length 020.mm. (Bars = 95 Confidence Intervals). 
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Table 4-4. 	
Comparisons of mean nuinbe' of stomata per field of view on abaxial epidermis. 
C[NUJYPF 1 GENOTYPE 2 - 	 - 





CLJOE N CLUE N 
PEwt 7 33 1030 POH '/ x ? 36 78•1 
24•9 12U3 2•07 P z 0-05 
PO4 7 * 2 36 78•1 CRLAUN 33 31 
40U 1203 333 44 	P4 001 
POH 52 36 542 PUtt 52 x 2t 12 480 
62 1664 037 NS 	P > 005 
PW 52 x 2t 12 480 CRLAIiN 33 381 
99 16•83 0•59 NS 	P? GUS 
t eased on only one plant and ornitLed from deLailed analysis. 
Fig. 4-27. 	Bar charts of mean number of stomata per field of vieg on 
abaxial epidermis of POR 7, POH 7 x 2, P014 52 and Pentland Crown 
(Bars = 95 .Confidere Intervals. 
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Chioroplast length and breadth were measured on each of three 
chloroplasts, at either end and one in the middle of each of five 
palisade cells. 	The cells were obtained from leaves of node 14 and 
node 18 on one plant of Pentland Crown, PDH 7, chromosome-doubled 
PDH 7, PDH 52 and doubled POH 52 grown at the 'full' fertiliser level. 
Although there were no statistically significant differences between 
genotypes overall (Fig. 4-28A) the mean chloroplast size (i.e. length 
x breadth) of Pentland Crown was the smallest of the five genotypes. 
Only one plant of Pentland Crown had a healthy leaf at node 14. 
Chloroplasts of this leaf were significantly smaller than those of 
other genotypes at node 14 (Fig. 4-28B). 
Differences between genotypes were not significant (P ->-0-05) 
for rate of photosynthesis per unit leaf area and tuber yield of plants 
subjected to moisture and nutrient stress in the field. 	Pentland 
Crown however had a mean rate of photosynthesis and tuber yield higher 
than those .of PDH 7 and its chromosome-doubled derivatives. 	Pentland 
Crown was also less adversely affected by moisture stress than the 
other clones. 	For plants grown at three fertiliser levels in the 
glasshouse the tetraploids Pentland Crown and 8318(4) had higher tuber 
yields than their dihaploids and chromosome-doubled derivatives. 
Differences in mean tuber weights accounted for differences in tuber 
yields. 
There were no differences between dihaploids and their chromo-
some-doubled derivatives in the effects of fertiliser levels on tuber 
yield. 	While the tetraploid parents of the dihaploids showed 
significant increases in tuber yield with each increase in fertiliser 
level, the dihaploids and their chromosome-doubled derivatives increased 
their yields from tzero' to 'half' but not from 'half' to 'full' 
fertiliser levels. 
ME 
Fig. 4-28. 	Bar charts of mean chioroplast size at twa nodes (14 & 20) 
glasshouse grown plants fu1r fertiliser level). 
(Bars = 95 Confidence Intervals). 
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The trend of leaf part number per node was similar to that of 
leaf area per node shown by plants grown in the experiments described 
in Section 3. 	Leaf part number per node increased more rapidly up 
the stem in Pentland Crown than in its dihaploids and their chromosome-
doubled derivatives. 	The rate of increase in leaf part number for 
8318(4) was similar to that of PDH 150 and its chromosome-doubled 
derivatives. 	Increases in fertiliser level from 'zero' to 'half' 
amount of John Innes No. 2 base increased mean leaf part number per 
node for all genotypes except chromosome-doubled PDH 150. 	Increases 
in fertiliser level from 'half' to 'full' increased mean leaf part 
number per node in all genotypes except the parents of the dihaploids, 
Pentland Crown and 8318(4). 
Doubling the chromosome number of dihaploids had different effects 
upon leaf part number per node depending upon the dihaploid concerned. 
Chromosome doubling of PDH 7 had no significant effect upon leaflet 
number whereas chromosome doubling of PDH 52 and PDH 150 resulted in 
an increase and decrease in mean leaf part number per node respectively. 
Flowering in all genotypes usually resulted in a decrease in 
leaf part number at the first or second node above the point of 
inflorescence insertion. 	If a reduction in leaf part number at these 
nodes did not occur there was usually a levelling off of the increase 
in leaf part number per node. 	Doubled PDH 7 had a lower number of 
inflorescences than the original dihaploid but there were no differences 
in flowering between the other dihaploids and their tetraploid deriva-
tives. 
Fused leaflets occured in chromosome-doubled plants of PDH 52 
when leaf part number per node increased above 15. 	When leaf part 
number decreased below 15 at higher nodes on the stem fused leaflets 
did not occur. 
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Individual leaf areas were highly correlated with leaf part 
number when leaf area was increasing in all genotypes. 	In Pentland 
Crown, PDH 7 and chromosome-doubled PDH 7, differences in mean leaf -
let area were equally important in determining differences in leaf 
area when the latter was increasing. 	When leaf area was decreasing 
at subsequent nodes, mean leaf part area was the more important 
determinant of leaf area for all genotypes except PDH 52 whose leaf 
part number was more important. 
There were no significant differences between Pentland Crown, 
its dihaploids and their chromosome-doubled derivatives in the length/ 
breadth ratios of terminal leaflets. 	However, all tetraploids had 
significantly lower ratios for lateral leaflets (i.e. broader leaflets) 
than dihaploids. 	Lateral leaflets were found to become narrower at 
subsequent nodes from node 6 to node 20. 
Palisade mesophyll cells of Pentland Crown were larger (i.e. 
greater length x breadth) than those of .PDH 7 chromosome-doubled 
PDH 7 and PDH 52. 	Cells of chromosome-doubled PDH 7 were larger than 
those of PDH 7 as found by the experiments of Section 2, but only 
significantly larger (P< 005) at the lowest node sampled, node 14. 
Doubled PDH 7 had significantly fewer palisade cells per unit length of leaf 
section than the original dihaploid. 	There were no significant dif- 
ferences in cell number per section between PDH 52 and chromosome- 
doubled.PDH 52. 	This was surprising in view of the finding 
from the experiments of Section 3 that palisade cells of doubled PDH 52 
were significantly larger than those of the original dihaploid. 	It 
suggests there were less air spaces between palisade cells and probably 
accounts for the observation recorded in Section 1 that leaves 
of chromosome-doubled PDH 52 were darker green than those of the 
original dihaploid. 
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Pentland Crown had a similar number of cells per section to that of 
chromosome-doubled PDH 7 but significantly fewer than PDH 52 and 
doubled PDH 52. 	Doubled PDH 7 had a smaller number of stomata per unit 
area than.-the original dihaploid. 	Chromosome-doubled PDH 7 however 
had more stomata per unit leaf area than Pentland Crown and PDH 52. 
Chloroplast sizes were similar for Pentland Crown its dihaploids and 
their chromosome-doubled derivatives except at node 14 where Pentland 
Crown chloroplasts were significantly smaller. 
	
-The results of this section show first of all therefore that 	- 
subjecting plant material to different growth conditions did not 
result in the expression of significant differences between dihaploids 
and their chromosome-doubled derivatives for rate of photosynthesis 
per unit leaf area and tuber yield. 	This confirms the results of 
experiments described in Sections 2 and 3. 	There were significant 
differences between dihaploids and their chromosome-doubled derivatives 
for PDHs 52 and 150 in mean leaf part number per node. 	However all 
three dihaploids and their chromosome-doubled derivatives in general 
showed that leaf part number per node increased with increasing 
fertiliser content of-the growth medium. 	They also increased their 
tuber yields with an increase in fertiliser level from 'zero' to 'half' 
but not from 'half' to 'full'. 	The reactions of dihaploids and their 
chromosome-doubled derivatives to changes in nutrient status of the 
growth medium therefore were similar. 	The parents of the dihaploids 
• however, Pentland Crown.and 8318(4), reacted differently from their 
dihaploids and chromosome-doubled dihaploids. 	They showed an increase 
in leaf part number per node from 'zero' to 'half' fertiliser level 
but not from 'half' to 'full' whereas their tuber yield increased 
with each increase in fertiliser level. 	The dihaploids and their 
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chromosome-doubled derivatives therefore probably lack the genes 
present in their parents which exploit an increase in nutrient 
status, from a medium to a high level, for increasing tuber yield 
rather than leaf part number. 	As leaf part number is correlated 
with leaf area, at least when leaf area is increasing, the increase 
in fertiliser probably results in an increase in foliage rather than 
tuber yield in the dihaploids and chromosome-doubled derivatives. 
This result confirms that it is not the ploidy status of the 
genotype which determines whether a high yield of tubers is produced, 
or whether increased nutrient level is utilised to increase tuber 
yield rather than foliage. 	Qualitative genetic differences are 
clearly more important than quantitative (ploidy) differences in 
determining differences in tuber yield. 
Although no significant differences were found between 
dihaploids and their chromosome-doubled derivatives in total plant 
leaf area in the. experiments of Section 2, there were differences in 
the components of leaf area. 	Doubled dihaploids had fewer leaves per 
stem but in parts of the plant had larger leaves than the original 
dihaploids. 	In the experiments described in this section there were 
differences between dihaploids and their chromosome-doubled derivatives 
in the mean number of leaflets of individual, leaves. 	Changes in leaf- 
let number per leaf due to chromosome doubling were not accompanied 
by compensatory changes in mean leaflet areas. 
It was suggested in Section 3 that the rate of photosynthesis 
per unit leaf area was probably determined, at least in part, by the 
number of chioroplasts per unit leaf area. 	In Section 3 it was 
found that doubled dihaploids had more chloroplasts per palisade cell 
and larger cells than the corresponding dihaploids. 
The experiments in the present section however have shown that doubled 
PDH 7 had a lower number of palisade cells per unit length of leaf 
section, and therefore per unit leaf area, than the original dihaploid. 
This reduction in cell number per unit leaf area on chromosome doubling 
is therefore compensated by an increase in chloroplast number per cell. 
Chioroplast numbers per unit leaf area therefore are probably unchanged. 
This could account for the similarity in rates of photosynthesis between 
PDH 7 and its tetraploid derivatives as observed in the experiments of 
Section 2. 	PDH 62 however had a similar number of palisade.cells per 
length of leaf section to that cf chromosome- doubled PDH 52 at nodes 14, 16, 
18 and 20. 	There are probably therefore fewer air spaces between palisade 
cells in the chromosome-doubled dihaploid. 
Number of stomata per unit leaf area was not correlated with 
rate of photosynthesis per unit leaf area. 	Pentland Crown which had 
the highest rate of photosynthesis in the experiments of Sections 2 
and 3 had fewer stomata per unit leaf area than the other genotypes. 
It was suggested in Section 3 that, because Pentland Crown and its 
related genotypes had more chloroplasts per unit of cell area than 
genotypes derived from 8318(4) for comparable cell sizes, chloroplasts 
derived from Pentland Crown were probably smaller. 	In the experiments 
described in this section the genotypes derived from 8318(4) had only 
senescent leaves at the nodes sampled for leaf cell studies. 	Studies 
of leaf cells of 8318(4) related genotypes therefore were not possible. 
Chioroplasts of Pentland Crown leaves at node 14 were significantly 
smaller however than those at node 14 of PDH 7, PDH 52 and their 
chromosome-doubled derivatives. 	This was probably because the chloro- 
plasts in the cells of the Pentland Crown leaf at node 14 had just 
undergone division. 
lc4 
It would appear that the results of this section confirm that 
chromosome doubling of dihaploids does not affect tuber yield or the 
response of dihaploids to changes in nutrient status of the growth 
medium. 	They also confirm the compensatory changes which occur on 
chromosome doubling of PDH 7 whose chloroplast number per cell and 
palisade cell size are increased but cell number per unit leaf area 
is reduced. 	In the case of PDH 52 however it was shown that cell 
number per unit leaf area was not reduced on chromosome doubling even 
though chloroplst number per cell and cell size were increased. 
Changes due to chromosome doubling in the characters studied 
in these experiments therefore were not always self-compensating. 
As chromosome doubling resulted in no major changes in plant vigour, 
tuber and foliage yield however, the experiments described in all 
sections have demonstrated a remarkable physiological homeostasis of 
the dihaploid genotype in response to chromosome doubling. 
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Discussion 
North European cultivated potatoes of the Tuberosum Group are 
tetraploids, having 48 chromosomes in meristematic cells. 	Doubling 
their chromosome number produces octoploids which have deformed leaves, 
grow slowly and have small tubers (Johnstone, 1939; Bensin, 1952;'Rowe, 
1957; Ross et al, 1967; Hermsen et al, 1981). 	Doubling the chromo- 
some number of dihaploid Tuberosum potatoes results in plants similar 
in vigour to the original dihaploid and with no serious growth 
irregularities. 	The similarity in vigour of dihaploid and tetraploid 
tissue produced by colchicine treatment of dihaploids was seen in 
chimaerical clones such as those obtained by the experiments derived 
in Results Section 1. 	There was no competition or differential 
growth of dihaploid and tetraploid tissues and clones retained their 
chimaerical nature through subsequent tuber generations. 	For hybrids 
between Tuberosum dihaploids and naturally occurring diploids Rowe (1967) 
also found that their somatically chromosome-doubled derivatives did 
not differ greatly in tuber yield from the original diploid clones. 
Group Tuberosum potatoes therefore have a critical (meristematic) 
ploidy greater than 2x but less than 8x, i.e. growth irregularities 
appear when ploidy is increased to the octoploid level. 	It is 
important that it be established that doubling the chromosome number 
of dihaploids does not result 'in exceeding critical ploidy. 	The 
effects of ploidy doubling on growth and physiology can therefore be 
discussed without having to take into account gross physiological 
disorders which may otherwise have masked other ploidy related effects. 
Dihaploid potatoes therefore are excellent material for examining the 
effects of increasing the ploidylevel of Tuberosum genotypes. 
There is evidence of a high degree of physiological homeostasis 
on doubling of dihaploid chromosome complements, from the experiments 
described in all the Results Sections. 	The experiments showed there 
as no effect of chromosome doubling on tuber yield, rate of photo-
synthesis per unit leaf area and leaf area per plant. 	It is possible 
that the rate of photosynthesis per unit leaf area is affected by the 
number of chloroplasts per unit leaf area. 	The photosynthetic 
efficiences of individual chioroplasts are probably similar where they 
are all of identical matrilinear descent. 	The doubled derivatives of 
the dihaploid, PDH 7, had a similar rate of photosynthesis per unit leaf 
area in the field to that of PDH 7 (Results Section 2). 	The 
dihaploid and the tetraploids derived from it had lower rates of photo-
synthesis than the dihaploid's parent, Pentland Crown. 	Chioroplast 
counts of palisade cells showed that chromosome-doubled dihaploids had 
more chioroplasts per cell than the original dihaploids (Results Section 
3). 	However, they also had larger cells which suggests there would 
be fewer of them per unit of leaf area. Doubled PDH 7was foundto have 
significantly fewer cells per unit leaf area than the original dihaploid 
(Results Section 4). 	Chioroplast numbers per unit leaf area there- 
fore would probably be unchanged on chromosome doubling of PDH 7. 
This could account for the similarities in rate of photosynthesis 
per unit leaf area between PDH 7 and doubled PDH 7. 
According to 1oorby and Plilthorpe (1975) the rate of photosynthesis 
in potatoes increases when tubers are initiated. 	This is said to be 
because there is an increase in the sink capacity for photosynthate, 
which by biochemical feed-back causes the increase in photosynthesis. 
Other things being equal therefore the greater the tuber 'sink' capacity 
the greater the rate of photosynthesis. 	Evidence for this comes from 
the experiments described in Results Section 2 where the highest yielding 
clone Pentland Crown had the highest rate of photosynthesis. 	Also, 
PDH 7 and its chromosome-doubled derivatives had similar tuber yields 
to each other and similar rates of photosynthesis. 	In the absence of 
differences between genotypes in the genes determining tuber 'sink' 
capacity however, as between dihaploids and their chromosome-doubled 
derivatives, differences in chloroplast numbers per unit leaf area and 
other characters probably cause differences in rates of photosynthesis. 
There was no evidence from the experiments of Results Section 3 
that the rate of photosynthesis of doubled PDH 52 leaves was different 
from that of the original dihaploid. 	Their tuber yields were 
also similar (see Results Section 4) which also suggests their photo- 
synthetic rates-would be similar. 	Although chromosome-doubled 
PDH 52 has larger palisade cells containing more chioroplasts than the 
original dihaploid (Results Section 2) no differences were found in the 
number of cells per unit leaf area (Section 4). 	This suggests that 
chromosome-doubled PDH 52 had more chloroplasts per unit leaf area 
than PDH 52. 	This is borne out by the observation (recorded in 
Section 1) that leaves of chromosome-doubled PDH 52 were darker green 
than those of the original dihaploid. 	As has been stated above however 
there is no evidence of differences in rates of photosynthesis between 
PDH 52 and its chromosome-doubled derivatives. 	Fekete et al. (1973) 
found there was a high positive correlation between intercellular 
space in the mesophyli of Quercus and rate of photosynthesis. 	This 
was because the amount of intercellular space governed CO  availability 
to the photosynthetic cells. 	In chromosome-doubled PDH 52 there are 
larger cells than in PDH 52 but the same number per unit leaf area 
indicating that chromosome doubling had reduced intercellular spaces 
in this case. 	This could explain why chromosome doubling of PDH 52 
resulted in an increase in greenness of the leaves without an increase 
in rate of photosynthesis. 
Changes in phenotype due to chromosome doubling which are 
compensated for or annulled by other changes as described above 
were also shown by the components of plant leaf area. Doubled dihaploids 
had significantly fewer leaves per stem than the original dihaploids 
but had larger leaves or leaves of higher dry matter at some stages 
of plant growth (Results Section 3). 	Hence there were no significant 
differences in total plant leaf areas or shoot dry matter yields between 
dihaploids and their chromosome-doubled derivatives (Results Sections 
2 and 3). 
The evidence is that rate of photosynthesis per unit leaf area 
and total plant leaf area are not altered by chromosome doubling of 
dihaploid potatoes. 	It would be expected therefore that the yields 
of plant material of dihaploids would be similar to those of their 
chromosome-doubled derivatives. 	Since tuber yield is approximately 
80% of organic matter yield in potatoes (Ivins & Bremner, 1964) it is 
also expected that their tuber yields would be similar. 	This was 
found to be the case in both the field experiments (Results Section 2) 
and pot-grown glasshouse experiments (Section 4). 
Chromosome doubling of dihaploids caused changes in leaf shape 
however. 	The length/breadth ratios of lateral leaflets were 
significantly lower for tetraploids whether homozygous (chromosome-
doubled dihaploids) or heterozygous (parents of dihaploids) i.e. 
tetraploid leaflets were broader. 	Chromosome doubling also affected 
mean leaflet number per leaf, which increased in the case of PDH 52, 
decreased in the case of PDH 150, and remained unchanged in the case 
of PDH 7. 	For both PDH 7 and its chromosome-doubled derivatives 
changes in leaf area at subsequent nodes were due equally to changes 
in both the number of leaflets and the mean leaflet area when leaf 
area was increasing. 	When leaf area was decreasing changes in leaf 
area were determined by changes in mean leaflet size. 	For PDH 52 
changes in leaflet number per node were more important in determining 
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changes in leaf area whereas for its chromosome-doubled derivatives 
this was only the case when leaf area was increasing. 	When leaf area 
began to decrease, leaflet size was relatively more important than leaf -
let number (Results Section 4). 
Compound pinnate leaves such as those of the potato are formed 
by the activity of non-contiguous areas of marginal meristem on either 
side of the leaf primordium axis (Esau, 1977). 	BLnning (1956) 
suggested that an area of a meristem becomes active when it is outwith 
the zone of inhibition of cell division surrounding an already active 
meristematic area. 	In this way for example leaf primordia are 
produced at intervals at the stem apex, a new primordium arising once 
an area of meristem becomes outwith the inhibitory zone of the meristem 
which is active above it. 	If the zone of inhibition of cell division 
is determined by a number of layers of cells it would be expected that 
plants with larger cells would have longer internodes than those of 
plants of similar genotype with smaller. cells. 	This would explain 
therefore why doubled dihaploids have longer internodes than the original 
dihaploids (Results Section 3). 
The same explanation does not apply to leaflet insertion on the 
petiole. 	While doubled dihaploids have fewer leaves per unit length 
of stem than the original dihaploids they may have the same, a 
greater or a lesser number of leaflets per leaf (Results Section 4). 
Also the fused leaflets found on leaves of chromosome-doubled PDH 52 
(Results Sections 1 and 4) suggests that despite their larger cell size 
• the meristematic areas of marginal meristem which give rise to the distal 
leaflets overlap. 	Changes in leaflet numbers per leaf on chromosome 
doubling of dihaploids are evidently due to changes in specific geno-
type x ploidy interactions. 
IGO 
Pentland Crown has the largest mean number of leaflets per leaf 
in its group of related genotypes. 	It is also, the highest yielding 
and most vigorous clone. 	High leaflet number is probably a symptom 
of this vigour but it is possible that a large number of leaflets per 
leaf is advantageous to the plant. Butterfass (1979) found that leaf 
margins had larger chlorophyllous cells compared with the rest of the 
leaf and possibly this results in a higher rate of photosynthesis. 
high proportion of palisade cells with large numbers of chloroplasts 
were found in the most vigorous clone Pentland Crown for example 
(Results Section 2). 	In this case the cells were all derived from 
tissue which did not include leaflet margins. 
Outside the group of genotypes derived from Pentland Crown however 
high leaflet number per leaf is not correlated with high yield and 
vigour. 	Whilst 8318(4) was the highest yielding clone of those in 
its group of related genotypes, PDH 150 had approximately the same 
mean number of leaflets per leaf (Results Section 4). 
The observed response of leaflet number per node to fertiliser 
treatment showed that, for any one clone, this character is a good 
indicator of plant vigour. 	In the case of dihaploids and chromosome-. 
doubled dihaploids differences in fertiliser levels had similar effects 
on leaflet number. 	The heterozygous tetraploids, Pentland Crown and 
8318(4), increased leaflet number in going from a low to a moderate 
fertiliser level but not from a moderate to a high level, unlike the 
dihaploids and doubled dihaploids where leaflet number increased over 
the whole range. 	Tuber yield for the dihaploids and their tetraploid 
derivatives showed the same type of response to fertiliser treatment 
as did leaflet number for the heterozyqoustetraploids i.e. it generally 
increased in going from low to modeiate fertiliser levels but not from 
moderate to high. 	Conversely the tuber yields of the heterozygous 
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tetraploids showed the same type of response to fertiliser treatment 
as that shown by the dihaploids and doubled dihaploids for leaflet 
number i.e. yield increased over the whole range from low to high 
fertiliser levels (Results Section 4). 	Together the results suggest 
that on increasing the fertiliser level from a moderate to a high 
level the increased nutrient status gave rise to an increase in leaf 
complexity (and probably therefore leaf area) at the expense of tuber 
yield in the case of.dihaploids and chromosome-doubled dihaploids. 
In the case of Pentland Crown and 8318(4) the increased nutrient status 
in going from a moderate to a high fertiliser level was employed in 
the production of greater tuber yield at the expense of a further 
-increase in leaf complexity and probably therefore haulm growth. 
These results probably indicate differences in tuber 'sink' 
capacities between the heterozygous tetraploids and the dihaploids and 
doubled dihaploids. 	For the dihaploids and their chromsome-doubled 
derivatives maximum tuber sink capacity was probably achieved at the 
moderate fertiliser level. 	For Pentland Crown and 8318(4) the 
increase in fertiliser level from a moderate to a high level resulted 
in an increase in tuber sink capacity. 
Pentland Crown and 8318(4) yielded more highly than their related 
dihaploids and doubled dihaploids even at a moderate fertiliser level. 
They have therefore a greater ability to utilise fertiliser for 
increasing tuber sink capacity than the dihaploids and chromosome-
doubled dihaploids. 	The dihaploids lacked genes which enabled them 
to use fertiliser efficiently to increase tuber yield. 	The genes were 
probably genes which determined high potential sink capacity. 	It was 
not the tetraploid ploidy level alone of Pentland Crown and 838(4) 
which enabled them to produce high tuber yields, as the chromosome-
doubled dihaploids had yields no different from those of the original 
dihaploids. It could be argued however that the genes in question 
functioned most effectively in tetraploid plants. 
There have been examples of increases in agricultural yield due to 
increasing the ploidy level of crop plants. Butterfass (1979) suggests 
that it is the level of endopolyploidy in photosynthetic tissues which 
determines the photosynthetic capacity of a genotype and so its 
agricultural yield. He found that palisade cells of diploid sugar beet 
were mainly tetraploid. He also showed that in both diploid and tetra-
ploid sugar beets root yield was correlated with the level of mesophyll 
endopolyploidy up to a maximum of 4x. For sugar beet and all diploid 
crops he concluded that optimum mesophyll endopolyploidy was double 
meristematic ploidy i.e. 4x. For potato, a tetraploid crop, he suggested 
the optimum endopolyploidy level was higher and it is probable that, 
by this, he was implying it would again be double meristematic ploidy 
i.e. Ox in the case of potato. 
In the present study the fitted theoretical models of chloroplast 
number distributions in palisade cells were based on the assumption that 
most of the cells would be octoploid in (meristematic) tetraploid geno-
types and tetraploid in the dihaploids. In Pentland Crown the best fit 
was achieved by predicting a mixture of 1:5:1, 4x:8x:16x: cells in the 
palisade (Results Section 3). The mean endopolyploidy status of the 
palisade tissue can be calculated if the proportions of cells of different 
ploidies are known. Hence for Pentland Crbwn the mean endopolyploid 
number would be 
(1/ 
 x 4x) + 	x Ox) + (1/s x lOx) = 85x. The-doubled 
derivatives of the Pentland Crown dihaploids, PDH 7 and PDH 52, however 
were considered to best fit mixtures of 1:4:1 and 1:2:1 giving mean 
palisade endopolyploid numbers of 87x and 9-Ox respectively. Pentland 
Crown is nearest to the theoretical optimum of 8x therefore and, of the 
tetraploids in this group, it is also the most vigorous and high yielding. 
The theory of an optimum endopolyploidy number of 8x for potato 
mesophyll is seen to be an oversimplification however when dihaploids 
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are considered. 	Their mean endopolyploid numbers are estimated to be 
433x for PDH 7 and 425x for PDH 52 yet they yielded about the same 
as their chromosome-doubled derivatives which have mean endopolyploidy 
numbers close to Sx. 	If there is an optimum level of endopolyploidy 
for potato mesophyll it is probably best defined in terms of the men-
stematic ploidy level i.e. approximately double meristematic ploidy, 
or 4x for dihaploids and 8x for tetraploids. 
8318(4) was estimated to have a cell ratio of 1:2:1, 4x:8x:16x 
in its palisade tissue giving a mean endopolyploidy number of 90x. 
This is further away from the theoretical optimum of 8x than is the 
endopolyploidy number of chromosome-doubled PDH 150 (85x) yet 8318(4) 
was more vigorous and higher yielding. 	Differences in endopolyploidy 
levels therefore may only be important when other factors determining 
yield are equal. The most important of these factors are probably the 
genes determining sink capacity as was discussed above. It was 
suggested that Pentland Crown and 8318(4) both had genes for high sink 
capacity whereas they were reduced or absent in the other material. 
Pentland Crown was higher yielding than 8318(4) and possibly this was 
due to the former having a mean endopolyploidy number nearer to the 
optimum i.e. 85x as opposed to 90x for 8318(4). 
Comparisons of chioroplast number distributions in palisade cells 
were undertaken using tissue obtained from compound leaf 6 (Results 
Section 3). 	This leaf occurred at different node positions on 
different plants. 	Krenke (1940) first suggested that successive leaf 
nodes could be regarded as units on a developmental scale rather than 
a time scale. 	Any quantitative measurement of leaf morphology, or 
even internode length, could be regarded as a criterion of physiological 
age in heteroblastic plants. 	Stephens (1944) and Ashby (1948) used 
leaf segmentation as such a criterion. 	They found that segmentation 
I(Lf- 
increased from simple, juvenile leaves to a higher degree of 
segmentation further up the plant. 	Ashby (1948) suggested that the 
rate at which maximum segmentation was achieved reflected the rate of 
plant development. 	In the material studied in the present experiments 
this rate is seen to be highest for Pentland Crown compared with its 
related genotypes (Results Section 4). 	There were no differences in 
the rates of increase in leaf segmentation between dihaploids and their 
chromosome-doubled derivatives. 	Hence chromosome doubling did not 
alter the rate of plant development. 	This is further shown by the 
early harvesting of tuber material from field plots of Pentland Crown, 
PDH 7 and chromosome-doubled POH 7 (Results Section 4). Here the 
ranking of yields was the same as that at later harvests i.e. Pentland 
Crown yielding most but there being no difference between PDH 7 and 
its chromosome-doubled derivatives.. 	There were therefore no 
differences in tuber bulking rates between POH 7 and its chromosome-
doubled derivatives. 
Leaf development is reflected in the leaflet length/breadth 
ratios at successive nodes (Results Section 4). 	Leaflets became 
narrower with increasing node number towards the top of the plant. 
This was probably because leaf expansion was at different stages. 
Stomatal frequency per unit leaf area also indicates the stage of leaf 
development by reflecting the stage of epidermal cell expansion. 
Pentland Crown leaves did not change in stomatal frequency from node 
14 to 20 indicating that epidermal cell expansion was complete even 
in the highest leaf examined. 	Stomatal frequencies of PDH 7, 
chromosome-doubled PDH 7 and PDH 52 leaves increased from node 14 to 
node 20 indicating that cell expansion was still underway at node 16. 
There were no differences in the rates of change in stomatal frequency 
between PDH 7 and PDH 7 x 2 however. 	This suggests that chromosome- 
1t, 
doubling did not result in a change in the rate of leaf development 
for this dihaploid. 
Because of the differences between Pentland Crown and the geno-
types derived from it in their rates of plant development, comparing 
leaves at the same node position is probably not a good comparison of 
leaves which are at the same stage of development. 	Some allowance 
should be made for the differences in development rates and this was 
done in the experiments of Section 3 by taking leaves from the sixth 
node after leaves began to resemble those found in the mature middle 
part of the plant. 	Where leaves were taken from the same node position, 
without any allowance for differences in developmental rates, genotype 
differences were not clear. 	This was -shown in the comparison of 
leaves from nodes 14 to 20 of plants grown in the fertiliser 
experiments of Section 4. 	Here clonal differences in cell size 
were only statistically signficant at node 14. Both comparisons are 
useful however as they indicate genotype differences in leaves which 
are equivalent in terms of chronological and physiological age. 
Conclusions 
The experiments described clearly show that there is no innate 
physiological advantage in the tetraploid state for genotypes of 
Solanum tuberosum Group Tuberosum. 	The higher tuber yields of the 
heterozygous tetraploid parents of the dihaploids were due to those 
genotypes possessing genes for high yield. 	Probably these genes 
determined high potential tuber 'sink' capacity and greater efficiency 
of fertiliser utilisation in increasing tuber 'sink' size. 	The genes 
were absent from the dihaploids. 	Such genes may or may not require 
tetraploid status in order to fully express themselves. 
Doubling the chromosome number of dihaploids had no effect upOn 
rate of development and growth irregularities were rare. Clearly the 
critical ploidy level for Group Tuberosum potatoes is greater than 2x 
but less than 8x. The dihaploid genotypes showed physiological home- 
ostasis in response to chromosome doubling. 	Examples of this were 
changes in cell size and chioroplast number per cell being compensated 
for by changes in cell number per unit leaf area and changes in leaf 
size compensated for by changes in leaf numbers per plant. 	Those 
changes which were not compensated for, such as changes in leaf 
morphology, had no effect on vigour and tuber yield. 
Qualitative genetic differences between genotypes were 
responsible for differences in tuber yields in this material. 
Differences in numbers of genes as between a dihaploid and its 
chromosome-doubled derivatives were not important indicating a high 
degree of genetic redundancy. 	Despite the characters which determine 
yield being very sensitive to changes in external environmental 
factors, as shown by other workers and in the experiments described 
here, chanes in internal environmental factors caused by changes in 
ploidy have little effect on phenotype. 	In view of the 
'Cl- 
proximity of such intracellular environmental factors to the genetic 
material this is surprising. 	However, as higher plants have many 
endopolyploid cells their genotypes are clearly able to tolerate 
differences in polyploid status. 	This is probably the case in the 
material studied here concerning the most important characters of 
yield and general plant vigour. 	The mechanism of this tolerance is 
probably by self-compensating phenotypic changes of which those 
discussed above are a few obvious examples. 
There is no evidence from the experiments described here that 
Group Tuberosum genotypes are 'physiologically more effective' at the 
tetraploid level than at the diploid level as suggested by Mendoza 
and Haynes (1973). 	The plant breeder therefore can transfer 
Tuberosum genes for important characters such as tuber yield and its 
components, between diploid and tetraploid levels knowing there is no 
disadvantage in the change of ploidy level. 
APPENDIX 1 
Diagrams giving leaf data at each node for 
individual plants as described in Results Section 3. 
	
Fig. 1-I-1. 	Leaf Data, Growth Chamber 1979. 
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Fig. 1' -A-i, 	Leaf Data, Growth Chamber 1979. 
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Fig. 1-A-3. 	Leaf Data, Growth Charrber 1979. 
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Fig. 1-A-4. 	Leaf Data, Growth Chamber 1979. 	
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Fig. 1-A-6. 	Leaf Data, Growth Chamber 1979. 	POH 7 plant 
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Fig. 1-A-11. 	Leaf Data, Growth Chamber 197. 	C7(1) plant B 
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Fig. 1-I-15. 	Leaf Data, Growth Chamber 1979. 	POH 52 plant C 
0•6 
Ratio 	0.5 
- Dry Wt/Leaf Area 
0•4 




0 5 	10 	15 	20 	25 
Note 












- Dry tilt/Leaf Area 












5 	 10 	 15 
Node 





























- Dry Wt/Leaf Area 


















0 S 	 10 	 15 
Node 
400 
Leaf Area - 








Dry Wt/Leaf Area 
03 





0 	 5 
	
10 	 15 
Nod 
Am 























- Dry Wt/Leaf Are e-s 





0 5 	 10 	 15 	 20 
Node 
Fig. 1-A-20. 	Leaf Data, Growth Chamber 1979. 	C16(31) plant 
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Fig. 1-.A-.22. 	Leaf Data, Growth Chamber 1979. 	C22(1) plant B. 
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Fig. 1A21. 	Leaf Data, Growth Chamber 1979. 	PDH 150 plant E 
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Fig. 1-A-25. 	Leaf Data, Growth Chamber 1979. 	PD1 150 plant C. 
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Fig.. 1-A-26. 	Leaf Data, Growth Chamber 1979. C34(33) plant E 
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Fig. 1-A-27. 	Leaf Data, Growth Chamber 1979. 	C34(33) plani 
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Fig. 1 _29. 	Leaf Data, Growth Chamber 1979. 	C35(9) plant A 
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Fig. 1-A-29. 	Leaf Data, Growth Chamber 1979. .C35(9) plant B 
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Fig. 1-.-32. 	Leaf Data, Grotith Chamber 1979. 	C36(23) plant C 
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Diagrams showing leaf part numbers per node for individual plants 
grown at 3 fertiliser levels as described in Results Section 4. 
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Fig. 2-A-3. 	Number of leaf parts at nodes or three P014 7 plants raised 
with full amount-of J12 fertiliser,. 	- 
Her 






- 	 I 




0 	 5 	 10 	15 	 20 	25 	 30 	 35 
NODE 
20'1 
Fig. 2-A-4. 	Number of leaf parts at nodes of three P0K 7 x 2 plants 
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Fig. 2-A-5. 	Number of leaf parts at nodes of three P0K 7 x 2 plants raisei with half amount of.J.I. 2 fertiliser. 
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Fig. 2-A-7. 	Number of leaf parts at nodes of three P01+ 52 plants raised 
with zero fertiliser. 
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Fig. 2-A-8. 	Number of leaf parts at nodes of three POH 52 plants raised 
with half 1.1. 2 fertiliser. 
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2-A-9. 	Number of leaf parts at nodes of three POR 52 plants raisec± 
















Fig. 2--10. 	Number of leaf parts at nodes7 of three POH 52 x 2 plants raised 
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rig.  2-A-11. 	Number of leaf parts at nodes of two PO+ 52 * 2 plants raise 
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Fig. 2-A-12. 	Number of leaf parts at- nodes of two P01452 * 2 plants raised 
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Fig. 2--14.. 	Number of leaf parts at nodes of three Pentland Crown p1ant 
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Fig. 2-A-15. 	Number of leaf parts at nodes-* of three POI- 150 plants raise 
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Fig. 2-A--17. 	Number of leaf parts at nodes of three P0K 150 plants raisei 
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Fig, 2-A-18. 	Number of leaf parts at nodes of three P0K 150 plants raise 
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Fig. 2-I-19. 	Number leaf parts at nodes of three P0K 150 x 2 plants raise 
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Fig. 2-A-20. 	Number of leaf parts at nodes of three PO4 15Q x 2 plants raisec 
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Fig. 2-A-21. 	Number of leaf parts at nodes at three PO4- 15O-x.2 plants 
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Fig. 2-g-22. 	Number leaf parts at nodes of three 8318(4 plants raisec 
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Fig. 2-A-23. 	Number of leaf parts at nodes of three 8318(4) plants raisec 
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Fig. 2--24.. 	Number of leaf parts at nodes of three 8318(4) plants raised 

































Appendix 3. 	The mechanism of dihaploid induction. 
Dihaploids of tetraploid Solanum tuberosum Group Tuberosum' are 
produced by pollinating the tetraploids with a diploid pollinator, 
such as a clone of S. tuberosum Group Phureja. 	Individual clones 
of Phureja have been identified as producing dihaploids more 
efficiently than most. 	One of these is fliP 48 as used to produce 
the dihaploids for the experiments described in this thesis. 
The dihaploid arises from an unfertilised (2x) egg of the tetra-
ploid. 	This 2x embryo is able to develop because a functional 
('vital') endosperm is produced by fertilisation of the Secondary 
Endosperm Nucleus (SEN) by the pollinator. 	The functional endosperm 
develops from a hexaploid Primary Endosperm Nucleus created by the 
fusion of two genomes (chromosome sets) from the Phureja pollen 
with the 4x SEN of Tuberosum. 
Tetraploid x diploid crosses would be expected to produce triploid 
zygotes, with pentaploid endosperms due to one haploid sperm fusing 
with the 2x egg and one fusing with the 4x SEN. 	However the penta- 
ploid endosperm is not usually able to support development of an embryo 
(i.e. it is 'non-vital') so that triploids are rare from such crosses. 
The origin of each of the two Phureja genomes which fuse with 
the 4x SEN of Tuberosum, and so make an endosperm able to support 
development of an embryo even if the latter arises from an unferti-
lised egg, is the subject of debate. 	Some workers suggest that two 
haploid sperms from Phureja both fuse with the SEN of Tuberosum (e.g. 
Hougas et al., 1964). 	Others suggest that a single restitution (2x) 
sperm is produced by aberrant pollen tube mitosis in Phurejá and 
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